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Juno Training Begins at Star City 

Exclusive Interview with Tim Mace, British Astronaut 


Tim Mace and Helen Sharman • 
began their training for the 1991 
Juno mission in early December 
1989 at Star City near Moscow. 
The initial training programme 
consists of three months of in¬ 
tensive Russian lessons. In an 
interview with Spaceflight Tim 
Mace speaks about his selection 
as one of final candidates for the 
Juno Mission and about living 
and working at Star City. 

When did you first hear about the 
Juno project? 

I had just finished the final training 
camp for the British parachute team 
and while I was driving back and I 
heard it on the radio. It was about a 
week from the National Parachute 
Championships. I phoned up that day 
and by the time the paper work had 
arrived it was the day before the na¬ 
tionals so I ended up writing my appli¬ 
cation form and composing all the 
tough answers required in the midst of 
the National Parachute Champion¬ 
ships. That was quite hard work, stay¬ 
ing up to about one in the morning. 

So what made you apply? 

I applied because it was always some¬ 
thing I wanted to do but in Britain there 

The British astronauts are staying in comfortable 
flats at Star City. One of the blocks is pictured 
here 



has never really been that opportu¬ 
nity. In a way I thought about it many 
years ago as a child and gradually 
forgot about it because the opportu¬ 
nity was never there. 

What made you think you were the 
man for the job? 

Very difficult because they did not 
actually say what they wanted for the 
job in the first place. The fact that I had 
spent a lot of time on flight decks and 
on crew operations, meant that I knew 
approximately what .was required. 
Also my general experience of free- 
fall parachuting, flying and so on stood 
me in good stead. But I had no idea 
when I put the paper work in that I was 
the right man for the job, although I 
would have been disappointed If I had 
not got into the 150. That was what my 
aim was as I put the paperwork in, to 
get that far and then to get to the next 
step. 

What were the high and low points 
of the selection process? 

There were so many different things 
going on it is very difficult to say what 
were the high and low points. The high 
point of the selection process was 
going to Moscow, because obviously I 
would never normally have had a 
chance to see Moscow in that way. 
There were strenuous bits and some 
uncomfortable medical tests, as I am 
sure anyone involved in the space 
programme knows - which I did not 
know when I started. Overall I cannot 
think of anything that I did not realise 
was necessary. I would not say I en¬ 
joyed everything. I felt most of what we 
did was of interest and I did not find 
anything that was really bad in the 
whole process. Most of the aeronauti¬ 
cal type tests were very similar to the 
things I had done in the past anyway - 
not that I had been in a centrifuge but 
I knew what it was going to feel like 
because I had felt g before in an air¬ 
craft, although not at that level. I knew 
most of the other types of tests and 
they were done in similar ways to air¬ 
crew testing and training that I am 
used to. There were not too many 
surprises. 

You have been In the Soviet Union 
for almost a month. What Is It like 
living In Star City and what sort of 
accommodation have the Soviets 
arranged for you? 

They have given us a really nice apart¬ 


ment each, in separate buildings, 
about 100 yards apart, but we do not 
tend to walk between them after dark 
because it is so cold. It is like a univer¬ 
sity campus, so self contained that we 
do not really have to go outside and we 
have not got the time to go outside 
anyway. It is a very nice place to live. 
Everybody out there is so friendly and 
helpful. So far it has been a very easy 
place to move Into. We only have to say 
we have not got one of these' and one 
of 'these' arrives. On the other hand 
there are things that are not available 
and things that are totally different. So 
life has changed a lot but it is not un¬ 
comfortable. 

Have you had any kind of culture 
shock? 

Well I think there will be once we get 
out and about, but we have not yet 
really left the place. We have been into 
Moscow twice, in nearly three weeks 
and only for a couple of hours then 
once to go to the Embassy and say 
hello and once to do a little bit of shop¬ 
ping. We have not had the time to get 
out. We can do if we want to - we have 
no restriction on our travel. 

What exactly have you been doing 
training-wise during this month? 

So far and up until March 1, we will be 
doing purely Russian, because from 
there on everything is in Russian. 
There was so little time before we went 
that we had no time to do any Russian 
training at all so we turned up totally 
cold on Russian, in comparison to 
Jean-Loup Chretien who effectively 
had seven months of Russian training 
before he turned up. The Japanese 
are in a similar situation to ourselves, 
although they had a month’s Russian 
training before they arrived. All the 
lectures are in Russian, as are all our 
training notes and the crew conversa¬ 
tions. We need to be as fluent as we 
can by March and by the end of the year 
sufficient to converse on a crew level. 
We need to be able to take down notes 
in lectures in Russian and ask ques¬ 
tions in Russian. So far from nine to six 
every day and usually three or four 
hours in the evening we have been 
learning Russian. Three times a week 
- Monday, Wednesday and Friday - we 
do two hours of sport. That is mainly 
physical and vestibular training, a 
certain amount of space sickness and 
weightlessness training. We have not 
done any weightlessness flights on 
aircraft, just adaption training. 
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THE JUNO MISSION 





How are you getting along with the 
Russian? Is It easy to pick up? 

No. It is not easy to pick up. I have a 
slight advantage in that I studied Latin 
at school and it is not too dissimilar. It 
has the same case endings and you 
change the end of the word depending 
on where it is in a sentence, as op¬ 
posed to the method whereby the word 
has to be in the right position in the sen¬ 
tence and you do not change it. The 
Russian system is to put the right end¬ 
ing on the word and it does not matter 
where it is in a sentence. The most 
difficult thing is the Russian script. 
Right from the very first lesson we 
were working with written Russian but 
the Russian I knew was from reading 
books. In the first lesson the instruc¬ 
tor stood up. and started writing which 


Granara Howland 

threw both of us completely because 
we had never seen Russian script. He 
asked us if we understood the alpha¬ 
bet, yes we replied and he proceeded 
to write on the board at high speed and 
it was completely unknown. I could not 
see any Russian letters in it at all to 
start with. Now we are fairly good. We 
do not use printed letters at all, only 
written. So after two weeks we can 
quite happily write on the board in 
Russian. It is difficult but I think the fact 
we have a one to one instructor, who 
does not speak English which means 
there is a certain necessity to pick it up. 
He only speaks French and German 
and luckily both of us speak French 
and German. We usually speak in 
French if we are not in Russian and his 
English is getting better. 


Have you been given an Idea what 
kind of training you will receive 
after you complete the Russian les¬ 
sons? 

We know how many hours of certain 
subjects we will be doing. March 1 will 
be the beginning of air and medical 
training and that will last six weeks. 
How much time and how many lessons 
are involved in that we do not know but 
we know what is programmed for 
those six weeks plus another subject 
for six weeks, plus Russian and sport. 
We know how many weeks generally it 
will take for each of the subjects. They 
tend to be giving them in blocks. A 
block of one subject and another sub¬ 
ject and so on and you make notes. 
They do not seem to have any further 
lectures on those subjects the follow¬ 
ing year - you have learnt it in March, 
April and May and you will not be told 
about it again because you have made 
your notes then. We have a pretty 
good idea what we are doing but obvi¬ 
ously no formal laid down programme 
detailing what is happening each day. 

Where does the training to operate 
the experiments fit In with the So¬ 
viet training programme? 

At the moment we expect to slot in the 

The Soyuz TM simulator at Star Crty Tim Mace 
is looking forward to working with the spacecraft. 
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THE JUNO MISSION 



The control point of the Mir space station is seen here in the training mock-up at Star City The British 
astronaut will be trained to operate some of the stations systems 


experiment training sometime to- 
wards the late summer. Obviously the 
full experimental programme and the 
equipment itself does not exist yet. 
Until we know that we cannot really 
work out the timeline as to what we are 
doing when So we will not actually be 
doing any of that until just before we 
get the crew assignment which will be 
towards the end of the summer. Then 
it will fit in as required until the launch. 
Once we get training on the experi¬ 
ment package I think that is going to 
be quite hard work in that the training 
programme for us to take part in the 
mission does not give a great deal of 
time for training on the equipment. So 
we will have to fit that training in our 
spare time - not that we actually have 
any! I am looking forward to working 
on the experiments because of the 
opportunity it is giving British science 
to come up with the experiments. 
Obviously they have not had a great 
deal of opportunity in the past. 

Are you able to mix with the other 
cosmonauts and the foreign astro¬ 
nauts in training? 

Yes there are two Japanese, Toehiro 
and Ryoko, a journalist and a camer- 
awoman. We see them everyday, they 
are doing language training in the 
room next to us. We see other cosmo¬ 
nauts at 11 o’clock every day when we 
all have tea together, there is about ten 
or 15 there. We are meeting all the 
people who are in the running to be 
within our crew. So we know all the 
trainee cosmonauts who have not yet 
flown and all those that have flown who 
live in the town - Dzhanibekov, Le¬ 
onov, Volkov - they are all there hav¬ 
ing tea. We see Romanenko quite of¬ 
ten although he does not work in the 
same building. Others pop their heads 


in every now and again. Most of them 
and their families live in the same 
buildings as we do. I have two cosmo¬ 
nauts in the other flats on my floor. 
Helen’s flat was occupied by one of the 
cosmonauts who is on Mir at the 
moment. It is a very close community, 
we see everybody who has been up or 
is about to go. 

What part of the training are you 
most looking forward to? 

Well I am looking forward to the crew 
training, once we are assigned to a 
crew and we start to work on the cap¬ 
sules and the actual flight systems. I 
am interested in the theory but not as 
much as the practical aspect of oper¬ 
ating the craft. A lot of the theory will 
be an extension of the type of stuff I 
studied for my aeronautics degree, so 
there will be a fair few subjects that are 
similar, the higher level mathematics 
and so on. 

When It comes to the actual mission 
what sort of things 4 are you looking 


Juno Team 

A team of British scientists and engi¬ 
neers, led by Professor Heinz Wolff, vis¬ 
ited Moscow In early January to propose 
further experiments to fly on the Juno 
mission. 

The British group sought approval for 18 
experiments intended for the 1991 Anglo- 
Soviet space mission. The Soviet side re¬ 
viewed each experiment for safety and 
technical feasibility. A final decision on 
which experiments will actually fly to Mir will 
be made by the end of January. 

Before his departure, Professor Wolff 
unveiled 26 experiments suitable to fly on 
the Juno mission at a London press confer¬ 
ence. The majority of experiments came 
from British universities and fell into seven 


forward, to? 

The whole thing. I cannot think of 
anything specific at this stage. The 
unique things will be the things that are 
unknown to me. The idea of weight¬ 
lessness is not that unknown to me in 
that I have experienced similar things, 
although obviously not for the amount 
of time we would be up there. Weight¬ 
lessness would be very interesting 
and it is also part of the experimenta¬ 
tion. Because the blast off is right at 
the beginning of the mission it will 
probably stick in my mind a lot. I had 
not thought about it until very recently 
- when Dzhanibekov mentioned it - the 
reentry in the Soyuz capsule is really 
quite an amazing thing because you 
still have the ability to see outside and 
therefore the reentry glow comes past 
the window - I am really looking for¬ 
ward to that. 

Obviously the mission Is generat¬ 
ing a great deal of publicity. How are 
you coping with that? 

Well, in Moscow we are very normal 
people. Everybody where I live are 
cosmonauts or cosmonaut’s families 
or they are running the training pro¬ 
gramme for cosmonauts and every¬ 
thing is quite normal. The big change 
is coming back to England where all of 
a sudden you are not normal. It is very 
strange at times but its quite enjoy¬ 
able. In terms of the mission being the 
first commercial mission it is very 
necessary to be seen. It is novel. 
Firstly I have never been involved in 
the space programme to anything like 
this extent and to be involved in one 
that is newer and more different than 
any other space programme means 
that it is a very novel situation. It is 
quite enjoyable, I would not miss it. On 
the other hand it is quite intrusive, but 
whilst we are in Moscow it is not the 
slightest because the location we work 
at is somewhat difficult for everyone 
to get to and there is nothing strange 
about being an astronaut trainee 
there. 


in Moscow 

categories: human physiology and experi¬ 
mental psychology, liquid culture of cells 
and micro-organisms, developmental biol¬ 
ogy, materials science and fluid physics, 
plant physiology, protein crystallisation 
and experiments proposed by schools. 

‘The announcement of the Juno mission 
was made on June 29, 1989,” Professor 
Wolff said. "Since then we have put together 
a science programme in a fraction of the 
time required by other agencies.” 

During the press conference Professor 
Wolff stressed the scientific value of the 
eight day mission and refuted claims in the 
press that the Juno mission was a ‘circus’. 

A full report on the Juno scientific pro¬ 
gramme will appear shortly. 
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NASA Completes 
Moon-Mars Study 


NASA has completed Its study on 
the possibilities for a return to the 
Moon and the manned exploration 
of Mars, ordered by President Bush 
In his July 20, 1989 speech to mark 
the 20th anniversary of the Apollo 
11 lunar landing. 

NASA has drawn up five scenarios 
for the return to the Moon and mission 
to Mars. The options are not intended 
to be strict mission plans but guide¬ 
lines. 

The first option would establish a 
lunar base swiftly. Space Station 
Freedom would be completed earlier 
than currently planned to allow the 
permanent occupation of the Moon by 
2002. The first astronauts would ar¬ 
rive on the lunar surface in 2001 where 
they would spend 30 days preparing 
the permanent lunar base. A second 
crew would arrive the following year to 
stay for six months. Later in 2002 a 
third crew would arrive along with a 
lunar excursion vehicle. They would 
stay a full year. 

A nuclear power plant and equip¬ 
ment to demonstrate the production of 
oxygen from the lunar soil would arrive 
in 2003. Construction of a lunar oxy¬ 
gen plant would take place by 2010. 

The first manned mission to Mars 
would arrive in 2016 for a 30 day stay 
on the Red Planet. A longer mission, 
of 300 days, would take place in 2018. 


A Mars base would be established by 
2025, when regular operations would 
begin. 

The second option offers the earli¬ 
est Mars landing date in 2011. A lunar 
base would be established early in the 
new century but efforts would be con¬ 
centrated on reaching Mars rather 
than developing the lunar outpost. 

The third option reduces the 
amount of supplies sent to the lunar 
base by accelerating the development 
of the nuclear power plant and oxygen 
generation system. The scenario of¬ 
fers the same Mars arrival date as the 
first option. . 

The fourth option is a slower sched¬ 
ule to reflect delays in the Space Sta¬ 
tion Freedom project. This proppsal 
offers more time for further develop¬ 
ments in technology. The first Mars 
mission will then take place between 
2017 and 2022. 

The fifth scenario has been re¬ 
ferred to as the 'minimal option’. The 
number of Moon missions would be 
limited one per year. Astronauts would 
stay on the lunar surface for 30 days 
to six months and the base would be 
left unmanned for long periods. Lunar 
oxygen production would begin on a 
small scale in 201 f. The first landing 
on Mars would be in 2016 but a perma¬ 
nent base, for stays of 600 days, would 
not be established until 2027. 


Second Skynet 4 Launched 
on Commercial Titan 


The second of three Skynet 4 mili¬ 
tary communications satellites, 
built for the UK’s Ministry of De¬ 
fence by British Aerospace and 
Marconi Space Systems, was suc¬ 
cessfully launched from Pad 40 at 
Cape Canaveral Air Force Station. 
The Titan III launch vehicle also 
carried the Japanese JCSAT 2 
communications satellite. 

The Titan III blasted off at 00:07 
GMT on January 1. Two hours after 
launch Skynet’s Perigee Assist Motor 
was fired to insert the satellite into 
Geostationary Transfer Orbit. Ap¬ 
proximately 50 hours after launch the 
onboard Apogee Kick Motor was fired 
to put the satellite into geostationary 
orbit. The satellite then began to drift 


towards its allocated orbital position at 
six degrees east. Skynet 4A is ex¬ 
pected to be declared fully operational 
during the first quarter of 1990. 

The successful launch was the 
tenth scheduled attempt since De¬ 
cember 7 to put the two payloads into 
orbit. Delays were caused by techni¬ 
cal failures, turbulent upper atmos¬ 
phere conditions and changes to Cape 
Canaveral’s busy launch schedule.. 

The first Skynet 4 satellite was 
launched by Ariane 4 in December 
1988. The third satellite in the series 
is also scheduled for launch by Ariane 
4 in May 1990. 

For more details of the Skynet 4 
satellites see Spaceflight, May 1988, 

p.168. 


Titan to 
Launch Mars 
Observer 

NASA has awarded a $156 million 
contract to Martin Marietta to 
launch the Mars Observer space¬ 
craft on a Titan III vehicle. 

According to NASA the contract 
reflects the space agency’s commit¬ 
ment to the emerging US commercial 
launch industry. 

“NASA is purchasing launch serv¬ 
ices much the same way as a commer¬ 
cial customer would do,” said John 
Gibb, chief of the Launch Vehicle 
Project Office at NASA’s Lewis Re¬ 
search Center, which is managing the 
contract. 

Scheduled for launch in September 
1992, the Mars Observer is an orbital 
platform that will make a global study 
of the geochemistry, atmosphere 
dynamics, atmospheric/surface inter¬ 
actions, seasonal variations and 
magnetic field characteristics of the 
planet Mars over a full Martian year 
(two Earth years). While much is al¬ 
ready known about Mars, scientific 
data from the orbiter will provide an 
improved basis for future intensive 
investigations and manned explora¬ 
tion. 


Soviets Outline 
Plans for Mars 
Exploration 

Soviet participants at a conference 
In Tokyo have outlined the USSR’s 
plans for the exploration of the 
planet Mars. 

The conference heard the USSR 
could mount a manned mission to 
Mars in the year 2015. The Energia 
heavy lift booster would be ’used to 
orbit ‘large size units, out of which 
cosmonauts will assemble an inter¬ 
planetary spacecraft’. Once the Mars 
craft has been assembled the Soviet 
shuttle would bring an ‘international 
team of cosmonauts’ aboard. The 
craft would reach Mars ‘several years 
later’. 

The Soviet Union plans to launch its 
Mars ’94 probe in September 1994 on 
a Proton vehicle. The spacecraft will 
carry balloon sondes which will be 
blown about Mars’ surface during the 
day, landing at night to scoop soil 
samples and make measurements. 

A mission planned for 2001 will re¬ 
turn Martian soil samples to Earth. 
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Pegasus Completes Second Captive Test Flight 

The Pegasus air-launched space 
booster completed Its second cap¬ 
tive carry flight test on December 
15, 1989. Following take-off from 
Edwards Air Force Base, Califor¬ 
nia, the Pegasus vehicle was car¬ 
ried by its B-52 carrier aircraft to a 
predetermined point over the Pa¬ 
cific Ocean In a complete dress 
rehearsal for the first launch. 

The test was originally scheduled 
for December 14 but was postponed 
due to telemetry problems. The flight 
began at 12:01 PST and lasted ap¬ 
proximately two hours. During the 
launch simulation all Pegasus sys¬ 
tems and subsystems were tested and 
monitored. The safe and arm switches _ _ ^ 

were rotated, the Pegasus control fins The Pegasus boos,er ma,ed ,0 68 carner aircra " osc 

were exercised and the computer tion (OSC), NASA and U.S. Air Force The B-52 followed the planned 
sequenced all the rocket systems flight and mission control crews re- route to the designated drop point at 

through a simulated orbital ascent hearsed all mission procedures sue- latitude 36 degrees North, longitude 

flight. The Orbital Sciences Corpora- cessfully. 123 degrees West off the California 



tion (OSC), NASA and U.S. Air Force 
flight and mission control crews re¬ 
hearsed all mission procedures suc¬ 
cessfully. 


The B-52 followed the planned 
route to the designated drop point at 
latitude 36 degrees North, longitude 
123 degrees West off the California 


SATELLITE DIGEST-226 


Satellite Digest Is produced in two sections. Orbital Data is in the form of a table which lists each satellite’s 
name, international designation, launch time and date, launch site, launch vehicle, perigee, apogee, period 
and Inclination. Launch times are approximate, except when marked with an asterisk, when the time given 
is that Issued by the launching agency. All times are GMT. Soviet launch vehicles have been named by the 
US DoD system of classification. Orbital data has been provided by the Royal Aerospace Establishment. 
The first section, Satellite Data, contains notes on each satellite’s mission. 


COSMOS 2049 (1989-88A): A manoeuvr¬ 
able military photo-reconnaissance satel¬ 
lite. 

COBE (1989-89A): NASA's Cosmic Back¬ 
ground Explorer (COBE). The 2,260 kg 
spacecraft will search for evidence of the 
'Big Bang’. 

STS-33 (1989-90A): The fifth dedicated 
DoD Space Shuttle mission. Onboard were 
astronauts Frederick Gregory, John Blaha, 
Manley Carter, Story Musgrave and 
Kathryn Thornton. For further details see 
Spaceflight, January 1990, p.32. 

USA 48 (1989-90B): A Magnum-type Elec¬ 
tronic Intelligence Satellite (ELINT). Be- 


SATELUTE DATA 


lieved to have been deployed from Discov¬ 
ery during the Shuttle's eighth orbit. 
COSMOS 2050 (1989-91A): An early warn¬ 
ing satellite in a highly elliptical orbit. 
COSMOS 2051 (1989-92A): An EORSAT 
(Elint Ocean Reconnaissance Satellite) 
designed to monitor US Navy radio trans¬ 
missions. Manoeuvrable. 

KVANT-2 (1989-93A): The first add-on Mir 
module, with a mass of 18,500 kg docked to 
the space station. Features a one metre 


diameter airlock for EVAs using the Soviet 
Manned Manoeuvring Unit, Icarus, deliv¬ 
ered to Mir aboard the module. The space¬ 
craft has also been known as the Reequip¬ 
ment Module and Module D. It docked with 
Mir at 12:21:30 GMT on December 6. It was 
transferred from the forward docking port to 
a side hatch on December 8. For further 
details see Spaceflight, January 1990, 
P-9. 

MOLNIYA 3-36 (1989-94A): Domestic 

communications satellite in a highly ellipti¬ 
cal orbit. 

COSMOS 2052 (1989-95A): Military photo¬ 
reconnaissance satellite. 


ORBITAL DATA 










Name & International 
Designation 

Launch Time 
and Date 

Launch 

Site 

Launch 

Vehicle 

Perigee 

(km) 

Apogee 

(km) 

Period 

(min) 

Inclln. 

(deg) 

COSMOS 2049, 1989-88A 

0936 17 November 

Plesetsk, USSR 

SL-4 Soyuz 

236 

290 

98.77 

64.78 

COBE, 1989-89A 

1434* 18 November 

Vandenberg AFB, USA 

Delta 

888 

897 

102.89 

99.02 

STS-33, 1989-90A 

0023* 23 November 

Pad 39B, KSC, USA 

Discovery 

237 

561 

92.35 

28.46 

USA 48, 1989-90B 




GEOSTATIONARY ORBIT 

COSMOS 2050, 1989-91A 

2024 23 November 

Plesetsk, USSR 

SL-6 Molniya 

592 

39,280 

708.01 

63.00 

COSMOS 2051, 1989-92A 

2317 24 November 

Baikonur, USSR 

SL-11 

369 

453 

92.79 

64.91 

KVANT-2, 1989-93A 

1301* 26 November 

Baikonur, USSR 

SL-13 Proton 

215 

321 

89.80 

51.62 

MOLNIYA 3-36, 1989-94A 

1005 28 November 

Plesetsk, USSR 

SL-6 Molniya 

633 

40,600 

735.65 

62.84 

COSMOS 2052, 1989-95A 

1507 30 November 

Plesetsk, USSR 

SI-4 Soyuz 

163 

341 

89.57 

67.15 
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coast. A maximum altitude of 42,700 
feet was reached. A first simulated 
launch was performed at 12:57, fol¬ 
lowed by a planned simulated "mis¬ 
sion recycle” (second launch attempt) 
25 minutes later. One of the primary 
objectives of the test was to verify that 
the launch could be timed to occur 
within an 18 minute window - the mis¬ 
sion successfully reached the simu¬ 
lated drop point within one minute of 
the designated time. 

The Pegasus vehicle flown during 
the captive tests was identical to the 
Pegasus that was due to launch into 
orbit except that the test vehicle has 
inert-propellant rocket motors. The 
Defense Advanced Projects Re¬ 
search Agency (DARPA) and NASA's 
Goddard Space Flight Center pro¬ 
vided full-scale engineering test pay- 
loads to simulate the satellites to be 
flown on the first actual launch. 

Significant anomalies uncovered 
during the flight included problems 
with the display and baro-altimetry 
systems in the Pegasus launch sup¬ 


port equipment on board the B-52, 
which will be investigated and cor¬ 
rected prior to the first scheduled 
orbital launch. The flaking of the ther¬ 
mal protection system and electrical 
noise problems experienced during 
the first captive flight on November 9 
have been corrected and performed 


properly. 

Because of the problems with the B- 
52 support equipment, a third test 
flight has been scheduled for about 
January 30. A DARPA spokeswoman 
told Spaceflight the first Pegasus 
launch has been delayed until early 
March due to the additional test flight. 


Pegasus Launch for Swedish Satellite 


Orbital Sciences Corporation 
(OSC), Hercules Incorporated and 
the Swedish Space Corporation 
(SSC) today signed a Launch Res¬ 
ervation Agreement for a late 1992 
launch of SSC'S FREJA scientific 
satellite using the Pegasus air- 
launched space booster. 

The agreement was signed at a meet¬ 
ing between executives of OSC, Hercu¬ 
les Incorporated, Arianespace and SSC 
in Solna, Sweden. SSC is the prime con¬ 
tractor for FREJA on behalf of the Swed¬ 
ish Board for Space Activities. 

The FREJA satellite is a 2.2 m diame¬ 
ter spinning disk-shaped spacecraft 


weighing 230 kg. The satellite will carry 
instruments for research into aurora and 
other magnetospheric phenomena, in¬ 
cluding US provided experiments. 
FREJA would be the first satellite to make 
high-resolution measurements in the 
upper ionosphere and lower magneto¬ 
sphere of the auroral zone. 

The launch reservation agreement is 
particularly noteworthy because FREJA 
is scheduled'for a “piggyback” launch on 
a Chinese Long March 2 rocket SSCs 
decision to pursue a dedicated launch 
alternative for FREJA on OSC’s Pegasus 
booster represents a significant advance 
for US launch industry. 


Operational Soviet Launch Vehicles 


LcO Low Earth Orbit 
GSO Geo-Stationary Orbit 
SEO Semi-Synchronous Elliptical Orbit 
SSO. Sun-Synchronous Orbit 





SOVIET NAME KOSMOS 


TSYKLON VOSTOK MOLNIYA SOYUZ ZENIT PROTON PROTON ENERGIA 


'jlJoDNAME | SL-8 | SL-11 | SL-14 | SL-3 | SU6 | SL-4 | SL-16 | SL-12 | SL-13 | SL-17 



MOLNIYA 

SOYUZ 

SU6 

SL-4 

A-2-e 

m 

12 

42 

i.eoqsEO) 

7,240(SEO) 


ENERGIA/BURAN 



* SINCE 1985 b SINCE 1987 c SINCE 1988 


11A60(SSO) 5,300<Vanus) 
4,900 (liars) 
2,120 (GSO) 


Artwork courtesy of Nicholas Johnson, Teledyne Brown Engineering 
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Hermes is Essential Says Astronaut 



Hermes blasts off from Kourou atop an Ariane 5. 

Patrick Baudry, Hermes chief test 
pilot, told Spaceflight In an exclu¬ 
sive interview, Hermes is essential 
if Europe is to gain experience In 
lifting body technology. He be¬ 
lieves It will be necessary to de¬ 
velop Hermes before a European 
single-stage to orbit spaceplane 
can be developed. Baudry was 
Jean-Loup Chretien’s back-up for 
his Salyut 7 mission in 1982. He 
went on to spend seven days In orbit 
aboard the US Space Shuttle in June 
1985. 

What is your Involvement in the Her¬ 
mes project? 

I am the test pilot. I am in fact the only 
astronaut involved in Hermes. The 
project is managed by ESA but the re¬ 
sponsibility is given to CNES, the 
French space agency. I deal with many 
aspects of the project. The main as¬ 
pect is the man-machine interface. I 
am now at Aerospatiale which is the 
main contractor for Hermes. 

What stage has the Hermes devel¬ 
opment reached? 

We are in the definition phase. This 
phase will be completed at the end of 
this year or maybe the beginning of 
1991, when we will choose what we 
think is the best definition for the 
spaceplane. Then we go into the de¬ 
velopment phase to build three 


Aerospatiale 

spaceplanes. The programme’s ob¬ 
jective is to make the first atmospheric 
flight in 1996/97 and the first space 
flight in 1998. 

Will you be the test pilot for those 
flights? 


I hope so, but I am not the kind of man 
who makes plans ten years in ad¬ 
vance. 

The new design of Hermes, with Its 
throw-away components, has 
come under criticism. Do you de¬ 
fend the new design? 

We are studying the current definition 
because we think it is the best defini¬ 
tion and that is that. I am not interested 
in criticism from people not involved in 
the project because they do not know 
what is going on. With the Ariane 5 
launcher, the only way to make the 
Hermes spaceplane is the design we 
are studying now. There is no other 
way. 

Some people are -suggesting a 
manned capsule would be a better 
way for Europe to gain autonomy In 
space. 

Ten years ago I was a supporter of a 
capsule but that was ten years ago. 
Now were are in 1990 and for Europe it 
is very important to have some experi¬ 
ence of reentry bodies before 2000. 
So it is not the time to say maybe it 
would better to have a capsule - may 
be it would be better to live in caves. I 
think the best option for Europe is a 
spaceplane because that will give 
Europe the maximum experience for 
its money. As I said ten years ago I was 
for the capsule to give Europe some 
experience before moving on to the 


Aerospatiale is studying an advanced version of Ariane 5 with a reusable liquid booster 
stage. Tbe launcher would take-off vertically from the Guiana Space Centre and after 
separation at an attitude of about 60 km, the booster would return to a runway at the base 
by means of a procedure called ‘falling leaves" In a gliding mode. Aerospatiale 
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next step but today as we do not have 
so much money, I think the best thing 
to do is to take some risk and move to 
the next step directly. 

Do you expect Hermes to lead to 
other, perhaps single stage to orbit, 
spaceplanes? 

Yes. That Is the objective for about 
2010, 2020 or 2030. If we want to be 
ready for that step we will have to have 
some experience of lifting bodies. 

How do you Justify the need for Eu¬ 
ropean autonomy In space? 

It is Important for Europe to go into 
space. In my opinion that is the first 
priority, i think we need to place less 
Importance on cooperation with Amer¬ 
ica, because it Is a very expensive 
form of cooperation. History shows 
that every time we cooperate we have 
problems - it was the case with Space- 
lab and it is the case now with Free¬ 
dom. Today, Europe’s priority is to 
have complete autonomy. When we 
have autonomy we will be able to have 
better cooperative programmes. Eu¬ 
rope has yet to mature in space. When 
we enter a cooperative programme we 
are always considered ‘the children’. I 
think the time has come for Europe to 
grow up. We need to participate with 
other nations at the same level. To do 
that we need our own manned space 
vehicle. 

Ejection Seats 
for Hermes 

ESA and CNES have finally decided 
what form of crew escape system 
the Hermes spaceplane will be 
equipped with. An ejectable seat 
has been selected. 

A number of options were considered 
to enable Hermes' crew of three to escape 
in an emergency. One option was to eject 
the full front crew cabin. Two versions of 
this ejectable cabin have been studied in 
great detail over the last two years. In ad¬ 
dition, three types of ejectable seats 
were reviewed this year. According to a 
joint ESA/CNES press release one of the 
concepts was inspired by the advanced 
ejectable seat designed for the Soviet 
Shuttle Buran. 

... The design of a jettisonable cabin in¬ 
cluding ejection, stabilisation and para¬ 
chute systems, turned out to be more 
difficult than expected, requiring a com¬ 
plex development and qualification pro¬ 
gramme coupled with a considerable 
operational risk and uncertainty in feasi¬ 
bility. On the other hand, ejectable seats 
have been long tested by the industry 
and, based on that experience, improved 
seats could be developed with a sufficient 
number of full scale tests. In view of this 
the ejectable seat concept was chosen. 
The exact design of the system will be 
determined during 1990. 


Satellite Hitch Delays Ariane 


The launch of the Spot-2 satellite has 
been delayed due to a malfunction 
aboard the spacecraft 

The launch of Spot-2, on the first Ari¬ 
ane 40 valiant (the standard vehicle with¬ 
out strap-on boosters), was originally 
scheduled for January 11, but during pre¬ 
flight verification of the satellite’s on¬ 
board systems, a malfunction was dis¬ 
covered in one of two US-built onboard 
data recorders. A similar tape recorder 
on the Spot-1 satellite failed soon after 
launch. 

j The satellite was removed from atop 
the Ariane 40 and taken to the Kourou 
Space Centre’s S3 building where the 
tape recorder can be replaced in a clean 
room. 

The launch seems unlikely to take 


place until the end of January. Arianes- 
pace spokesman Claude Sanchez told 
Spaceflight: “The Ariane launcher is 
ready we are just waiting for the satellite.” 

Spot-2 is the French space agency’s 
latest Earth observation satellite. Spot-1 
was launched by Ariane in February 
1986. Spot-3 is due for launch in 1992 and 
will be followed by Spot-4 in the mid- 
1990s. 

The launch postponement also 
grounds six microsatellites that were to 
be launched alongside Spot-2. 

The launch of Spot-2 is complicated 
because it requires a sun-synchronous 
polar orbit. The launch window is just ten 
minutes long and launch attempts can 
only be made on certain days because the 
satellite is to be positioned diametrically 
opposite to its sister spacecraft SPOT-1. 


“Horizon-2000” At Turning Point 


The future of the European Space 
Agency's “Horfzon-2000'' space science 
programme Is'at a turning point, accord¬ 
ing to R.M. Bonnet, the ESA Director of 
Science Programmes. 

The programme was adopted by ESA in 
January 1985 and has four main corner¬ 
stone elements (see “Spaceflight’ March 
1988 for Norman Longdon’s review of the 
Horizon-2000 programme). However, Bon¬ 
net says, because of the delays incurred by 
other areas of the ESA science programme 

- notably the 4.5 year delay in launching the 
Ulysses Solar Polar Probe, the almost 4- 
year delay to the Hubble Space Telescope 
and the over one year delay to the star 
mapper satellite Hipparcos - the actual 
“purchasing power” in ESA’s science 
budget has been reduced by 100 million 
accounting Units. In 1989 the programme 
incurred a further 30 MAU due to the extra 
operations and ground facilities required 
for the Hipparcos satellite. 

Bonnet writes that these funds are too 
large to be absorbed by the budget’s contin¬ 
gency provisions. An independent team set 
up by the ESA Council has completed a re¬ 
view of the programme’s management and 
is expected to recommend increases in the 
"purchasing power” of the ESA science pro¬ 
gramme. But, according to Bonnet, if noth¬ 
ing is done “at this stage”, the benefits of the 
Horizon-2000 programme risk being lost. 
He recommends that the cost of the launch 
delays and the extra costs for Hipparcos 
operations are compensated for, that the 
5% annual increase in the programme be 
continued to 1995 and cooperation between 
ESA and other organisations be pursued to 
avoid descoping or delaying missions of the 
programme. 

Bonnet points out that in less than five 
years ESA has been able to offer European 
scientists, and others, an average of one 
new flight opportunity per year. These pro¬ 
grammes were: 

- SOHO, the Solar and Heliospheric Ob¬ 
servatory, 

- CLUSTER, for the study of space 

plasma physics. 


- XMM, High throughput X-ray Spectro¬ 
scopic Mission, 

- Huygens, Titan entry probe (to be 
launched as part of the Saturn orbiter 
Cassini programme), 

- Polar Platform, part of the NASA/ESA 
Freedom space station. 

There are several significant events for 
both current and future ESA science pro¬ 
grammes. These include launches of the 
Hubble Space Telescope and the Ulysses 
probe in March and October respectively, 
aboard NASA’s space shuttle. On February 
19, ESA will begin the reactivation of the 
Giotto spacecraft which returned detailed 
pictures and other data about the nucleus 
and coma of Comet Halley during March 
1986. 

It is hoped that the camera can be reac¬ 
tivated use on a planned July 1992 encoun¬ 
ter with Comet Grigg-Skjellerup. Tests will 
be made with the camera to image bright ob¬ 
jects in the stellar sky such as Jupiter and 
Venus. 

Also during 1990, experiments will be 
selected which will be flown on the Polar 
Platform and the Huygens probe. A decision 
on a replacement satellite for Hipparcos will 
be taken by June 1990. This will depend 
upon the performance of the original satel¬ 
lite in its highly-eccentric orbit. The satel¬ 
lite, which was to have mapped the paral¬ 
laxes and proper motions of 120,000 stars 
from a geostationary orbit, was stranded in 
a highly-eocentric orbit after its launch on 
August 1989. It is currently estimated that, 
from this orbit, a three year mapping mis¬ 
sion is possible with the limiting factor of the 
duration being the degradation of the solar 
cell arrays. During a 30-month mission, 
ESA scientists expect to observe 120,000 
stars with a positional accuracy of 0.003 
arcsec, with parallaxes of 0.004 arcsec and 
proper notions of 0.005 arcsec. However, 
ESA says that if a mission duration of 18 
months is the best possible then that would 
not allow scientists to decouple the contri¬ 
butions of parallaxes and proper motions. 

Neville Kldger 
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First Launch from Pad A in Four Years 


The Kennedy Space Center’s launch 
Pad 39A saw Its first launch In four 
years when the Space Shuttle Colum¬ 
bia blasted off on January 9th. The 
launch pad underwent extensive modi¬ 
fications during 1989 to prepare It for 
this mission. However, the launch of 
STS-32 was delayed three weeks be¬ 
cause of delays In certifying the pad 
equipment. In an exclusive Interview 
with Spaceflight Bill Wlegand, Opera¬ 
tions Manager at Pad A, describes the 
mammoth task to bring Pad A back Into 
operation. 

The last launch to be made from Pad 39A 
was STS 61-C in January 1986, 16 days 
before the 51-L Challenger accident. The 
launch pad has a proud history. The first 24 
Shuttle missions and all but one of the 
ApolkVSalurn V missions blasted off from 
Pad A, induing Apollo 11. 

Following the Challenger accident Pad 
A was deactivated as efforts concentrated 
on preparing Pad B for the resumption of 
Shuttle ffighte. Only a handful of men ware 
assigned to Pad A and, in the years follow¬ 
ing the accident, the structure could not be 
fully maintained. 

In May 1988 the first directive to bring 
Pad A back to service was issued. 

‘Vie actually started work in about the 
first month of 1989,” explained Bill Wie- 
gand. “Since January/February there have 
been approximately 140 modifications to 
Pad A. I do not believe there was one sys¬ 
tem that <Sd not receive some type of modi¬ 
fication.” 

Crew Escape 

The launch pad astronaut and doseout 
crew escape system received much atten¬ 
tion following the Challenger accident and 
a number of modifications have been made 
to improve safety. 

"The Orbiter Access Arm, that leads to 
the white room, and the route to the slide 
wires have been enclosed at the sides and 
the bottom to protect anyone “egressing 
from flames below ” said Wiegand. Before, 
these areas had an open-grate floor. "Also 
installed on this level is a deluge spray 
which stays on while the astronauts are 
crossing. This should, hopefully, protect 
them from any flames that could be around. 
It is quite intense up there. You can hardly 
see through it once it is flowing - its quite a 
downpour.” 

The slide wire system consists of seven 
baskets that travel along a cable from the 
Fixed Service Structure (FSS) to a bunker 
near the pad parameter. 'We used to have 
five baskets,” Wiegand explained. Tlow we 
have seven to accommodate all the astro¬ 
nauts and closeout crew.” Each basket is 
designed to carry three people, although 
four can be accommodated if necessary. A 
side exit to the basket was incorporated, a 
flame-protective covering was inserted 
over the existing webbed material and an 
anti-roll-back brake was added to ensure 
the basket comes to rest as soon as pos¬ 
sible. The braking mechanism for the bas¬ 
kets consists of a series of increasing-den¬ 
sity steel chains that drag through the sand 
in the landing zone, decelerating the bariret 
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The launch pad emergency escape system 


to a final stop. 

We have improved the slide wire land¬ 
ing area,” said Wiegand. ‘Before, in order to 
get to the protective bunker, the astronauts 
would have to get out of the basket and run 
around the side of a hill to get into it, which 
took a lot of time. Now the bunker is just to 
the left of the baskets so they can jump out 
of the baskets and run right into the protec¬ 
tive bunker in a minimal amount of time.” 

The underground, steel reinforced, bun¬ 
ker has a roof one foot thick and the walls 
40 centimetres thick. It is six metres long by 
four metres wide. The bunker contains 
emergency air for breathing, an emergency 
shower, a telephone and four fold-down 
bunks. 

Other Modifications 

Several modifications were made to the 
Payload Changeout Room, located on the 
Rotating Service Structure (RSS). It is here 
that Shuttle payloads are installed in the 
orbiter. Improvements have been made in 
temperature and humidity control, the fil¬ 
ters through which the air passes have been 
improved and the room is now a positive 
pressure environment - the pressure inside 
is higher than outside - to keep out possble 
contaminants. There have also been im¬ 
provements to the debris catching shields 
that prevent objects falling and damaging 
the orbiter or payload. 

"The quality [of the Payload Changeout 
Room] had to be improved because we are 
considering launching the Hubble Space 
Telescope from here,” said Wiegand. 

The water system on the RSS and Fixed 
Service Structure has been modified so the 
water recirculates back to the main supply, 
preventing the pfoes freezing up. 

Improvements have been made to the 
systems that separate the hydrogen vent 
umbilical at lift-off. The modfications made 
were intended to improve the clearance 
between the Shuttle - particularly the Solid 


Rocket Booster (SRB) aft skirts - as it fifts- 
off from the pad and the vent umbilical as it 
retracts. 

A new system to protect the orbiter from 
the elements during its three to four week 
stay on the launch pad has been installed. 
The Weather Protection System consists of 
large metal panels which are pneumatically 
moved into position to protect the exposed 
areas of the orbiter. 

It is the exact same system as they have 
over at Pad B,” said Wiegand. ‘1 understand 
it works fairly effectively.” 

At total of 138 modifications were made 
to Pad A at a cost of about $50 million. 

Historic Launch Platform 
Back In Action 

The STS-32 mission was the first launch 
from Mobile Launch Platform (MLP) 3. It was 
from this 49 by 41 metre platform that Apollo 
11 blasted off to the Moon. Rights of the 
three manned Skylab missions and the 
Apollo Soyuz Test Project also began on 
MLP 3. 

The platform was heavily modified for 
Shuttle use. The Apollo service tower, over 
115 metres tall, was removed, the single 
exhaust opening for the Saturn V and IB was 
replaced by three separate holes, two for 
the Shuttle’s SRBs and one for the main 
engines, there were numerous changes to 
the equipment housed beneath the plat¬ 
form’s 15 centimetre thick deck and two tail 
service masts were installed either side of 
the main engine exhaust opening for the 
load rig of fuel. 

A new umbilical has been added to the 
MLP to power, control and monitor the SRB 
field joint heaters added after the Chal¬ 
lenger accident, to keep this crucial area at 
a temperature of about 24 degrees centi¬ 
grade. The system was particularly impor¬ 
tant on this mission as Florida suffered ex¬ 
tremely cold weather while Columbia 
awaited launch. 
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Columbia Plucks LDEF From Orbit 


The crew of Columbia successfully 
placed the Long Duration Exposure Fa¬ 
culty (LDEF) Into the Shuttle’s payload 
bay following a complicated rendezvous 
and retrieval operation on January 12. 
The Shuttle had blasted off from the 
Kennedy Space Center four days earlier. 
The crew of five deployed the Syncom IV- 
05 satellite on their second day In orbit. 
The Commander for this mission was 
Daniel Brandensteln, James Wetherbee 
was. pilot and Bonnie Dunbar, Marsha 
Ivins and David Low were Mission Spe¬ 
cialists. 

The crew began manoeuvres for the 
rendezvous with LDEF following the Syn¬ 
com deployment. On the morning of Janu¬ 
ary 12 the spacecraft was visible to the crew 
as a bright dot. During the day they inched 
closer to it 

Using a -R BAR approach, Brandenstein 
and Wetherbee at first brought Columbia 
beneath LDEF and then manoeuvred the 
orbiter so it was above the spacecraft with 
its open payload bay pointing towards the 
Earth. With Columbia about 400 feet from 
LDEF, Bonnie Dunbar outstretched the 
Remote Manipulator System (RMS) arm. 
As the Shuttle moved slowly towards LDEF, 
the camera at the end of the RMS began to 
8how closeups of spacecraft’s experiment 
trays. On Columbia’s flight deck Dunbar 
was watching these images on her monitor, 
waiting for LDEPs grapple fixture to come 
into view. As this tense moment ap¬ 
proached live television pictures, being 
transmitted to the ground, were suddenly 
lost due to an antenna alignment problem. 
Mission Control continued to monitor the 
operation through telemetry and at 10:16 
EST the crew announced: ‘We have LDEF!” 

“Congratulations on a job well done,” 
responded the CAPCOM. 

With Columbia’s RMS firmly attached to 
LDEFs grapple fixture, the crew began a 
photo survey of the experiment trays from 
the flight deck aft windows. The 21,000 b 
spacecraft was then placed in the payload 
bay at 15:40 EST. 

Damage Observed 

The first doseup television pictures of 
LDEF showed damage to some of the 57 
experiments after more than five years in 
space. The two Heavy Ions in Space Experi¬ 
ment panels, located on LDEPs ‘space’ 
end, were one example. The upper layer of 
the experiment, designed to register low- 
energy ions, appeared to have pealed away 
in each of tray's four sections. 

Sdentists are eager to look at the experi¬ 
ments at first hand when they return to 
Earth. As this issue of Spaceflight went to 
press, Columbia was scheduled make the 
second night time Shuttle landing at Ed¬ 
wards Air Force Base on January 19 at 

The launch of STS-32. 


LDEF is placed into the payload bay on January 12. 

02:59 PST. The Columbia, with LQEF in its 
payload bay, is due to return to the Kennedy 
Space Center on January 26. Because of 
the adrftional weight of LDEF in the payload 
bay the Shuttle Carrier Aircraft will make 
two re-fuelling stops on the first day of its 
journey from Edwards. The coast to coast 
trip will be completed on the second day. 
LDEF will be removed from Columbia in the 
Orbiter Processing Facility and be trans¬ 
ported to the Operations and Checkout 
Buildng on January 29. LDEF will be loaded 
into a special cradle and then transferred to 
the SAFE-2 dean room where an overall 
inspection of the spacecraft will take place 
between February 3 and 15. On February 20 
the experiment trays will start to be removed 
and handed over to their prindple investiga¬ 
tors. 

Had the Shuttle not recovered LDEF 
during this mission the space laboratory 
faced a fiery reentry into the Earth’s atmos¬ 
phere in early March. 

Syncom IV-05 Deployed 

The Syncom IV satellite was deployed 
from Columbia on January 10. The satellite 
was spun frisbee’ style from the payload 
bay, with a velocity of about 1.5 feet per 
second, at 13:20 GMT. About 45 minutes 
later, after the Shuttle had moved a safe 
distance away, the satellite fired its on¬ 
board solid rocket motor to boost the space¬ 
craft towards its geostationary orbit 

The deployment of Syncom IV-05 


Leasat 5, as the satellitb is now known, 
is owned and operated by Hughes Aircraft 
The company leases the satellite’s commu¬ 
nications services to the US Department of 
Defense with the Navy acting as executive 
agent. The system provides worldwide 
communications between aircraft, ships, 
submarines and land-based stations of the 
US military services. 

NASA spokesman Ed Campion told 
Spaceflight on January 14, that so far, 
STS-32 had been “a very dean mission". 
There had been minor problems with the 
orbiter’s Text and Graphics System 
(TAGS) and on Day 3 of the mission the crew 
had to deal with a water leak in the orbiter 
middeck. The crew had to mop up the water 
with cloths and a portable vacuum. 

Following the recovery of LDEF, the 
crew gave a press conference on Day 5 of 
the flight. The remainder of the mission was 
to be occupied with the variety of experi¬ 
ments in the orbiter middeck. 

Launch Delayed 

The launch of STS-32 took place on 
January 9, at 12:35 GMT. The launch was 
originally scheduled for December 18, 1989 
but work problems with bringing launch Pad 
A back into operation at first delayed the 
launch by a number of days and then by 
three weeks. A launch attempt of January 8 
was called off because of bad weather at the 
Cape. 

The ortitter's RMS grips LDEF. 












SOVIET SCENE 


Soviet Space Walks Underway 


Soviet cosmonauts, Aleksandr 
Viktorenko and Aleksandr Serebrov, 
made two space walks In early Janu¬ 
ary. They were the first of four they are 
due to make during their mission. The 
next two space walks are scheduled for 
February and will feature the first tests 
of the Soviet Icarus Manned Manoeu¬ 
vring Unit (MMU). 

The two cosmonauts made the first 
space walk on January 8. The purpose of 
the EVA was to install two star sensors 
on the exterior of the Kvant-1 module. 
Each of the sensors has a weight of 80 kg, 
according to Tass. The star sensors will 
help orientate the Mir complex. 

The crew opened the hatch o* Mir’s 
multiple docking adaptor at 23:23 
Moscow Time on January 8, an hour later 
than planned. The EVA was delayed 
because the cosmonauts and the Flight 
Control Centre (FCC) had failed to notice 
a valve had not been closed properly. 
When the cosmonauts attempted to de¬ 
pressurise the airlock the pressure in the 
attached Soyuz TM-8 capsule also began 
to drop. It took some time before the FCC 
and the cosmonauts located the problem. 
After the valve had been tightened the two 
cosmonauts left the docking adaptor and 
made their way along the entire length of 
the space complex to the Kvant-1 mod¬ 
ule. 

The cosmonauts returned to Mir after 
two hours 56 minutes outside the space 
station. The FCC declared the operation 
to install the sensor a success. 

After a brief rest the cosmonauts be¬ 
gan preparations for their second space 
walk. They left Mir’s hatch at about 21:01 
Moscow Time on January 11. During the 
two hour 54 minute space walk the crew 


The launch of Soyuz TM-9 appears to be 
on schedule for February 11. Cosmo¬ 
nauts Anatoli Solovyov and Aleksandr 
Balandin are expected to form the pri¬ 
mary crew. 

The present Mir crew look set to be re¬ 
placed by Solovyov and Balandin when 
they dock with the Soviet space station on 
February 13. Viktorenko and Serebrov are 
to return in the Soyuz TM-8 capsule about a 
week after their relief crew arrives. 

Anatoli Solovyov, Mission Commander, 
was born on January 16, 1948 he was se¬ 
lected as a cosmonaut in February 1976. He 
served as the backup for Soyuz TM-3 and 
TM-8 and commanded Soyuz TM-5 in June 
1988. 

Aleksandr Balandin, Flight Engineer, 
was born on July 3, 1953 near Moscow. He 
appears to have begun cosmonaut training 
in 1978. He was a member of the primary 
crew tor Soyuz TM-8 in early 1989 but when 
this was delayed he was replaced by Sere¬ 
brov and reassigned to the back-up crew. 

During the six month Soyuz TM-9 mis¬ 
sion the crew will receive the Technology 
Module in late March/early April. Solovyov 
and Balandin are due to be replaced in July. 
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The French Echarrtillons experiment retrieved by cosmonauts Vikotrenko and Serebrov dunng a space 
walk on January 11. CNES 


retrieved the French Echantillons experi¬ 
ment which had been attached to Mir’s ex¬ 
terior by Jean-Loup Chretien in Decem¬ 
ber 1988. The cosmonauts also fixed 
cassettes with'samples of ‘non-metallic’ 
materials and the Arfa equipment, de¬ 
signed to investigate Earth’s ionosphere 
and magnetosphere, on to the Kvant-1 
module. They also removed the equip¬ 
ment that had supported the French ERA 
structure. 

After their return to the multiple dock¬ 
ing adaptor Viktorenko and Serebrov 
removed the docking mechanism from 


the port where Kvant-2 had docked and 
placed it in the opposite position where it 
will be ready to receive the Technology 
Module. 

Because the transfer of the docking 
mechanism was carried out during the 
January 11 EVA the crew will now make 
four space walks instead of the five origi¬ 
nally planned. The Soviets had originally 
planned to carry out a fifth space walk to 
move the unit. 

The first test of the learns MMU has been 
delayed until February 1. The unit will be 
tested for a second time on February 6. 


Soyuz TM-9 Due For Launch 



Solovyov (left) and Balandin are expected to form the Soyuz TM-9 crew. 
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SOVIET SCENE 


French Sign for 
1992 Mir Mission 


The French space agency, ONES 
and the Soviet trade organisation 
Llcenslntorg have signed an agree¬ 
ment on the third Franco-Soviet 
space mission on December 22, 
1989. 

In addition to the 1992 Mir mission, 
the agreement covers French partici¬ 
pation in the Mars ’94 project and stud¬ 
ies to determine the feasibility of dock¬ 
ing Hermes with a Soviet space sta¬ 
tion. 

The 12 day Franco-Soviet space 
flight is scheduled to take place in 
1992. Under the agreement CNES can 
launch over 300 kg of scientific equip¬ 
ment to Mir and return 12 kg of results. 
The French are paying about $12 mil¬ 
lion for the joint flight. 

The project has been named ‘An- 
tares’ after a star in the constellation 
of Scorpio. 

Michel Tognini is expected to be the 
primary candidate for the Antares 



Michel Tognini CNES 

mission. He served on the back-up 
crew for the 1988 Franco-Soviet flight 
to Mir. Tognini is a top test pilot with 
more than 3,000 hours flying experi¬ 
ence. He was selected as an astronaut 
by CNES in July 1986. 


NEWS IN BRIEF 


Granat Begins Work 

The Soviet Union's Granat observatory, 
launched on December 1, 1989, has been 
successfully tested in orbit. In January it 
began round-the-dock monitoring of active 
galaxies’ nuclei, the giant accumulation of 
galaxies in the Perseus constellation and 
the new component in the Large Magellanic 
Cloud. The Granat observatory carries in¬ 
struments from the USSR, Denmark, Bul¬ 
garia and France. 

Soviets Plan Hipparcos- 
Type Mission 

The Soviet Union is developing a star-map¬ 
ping spacecraft similar to the European 
Space Agency’s Hipparcos, launched last 
year. It will be named Lomonosov, after the 
Soviet scientist Mikhailovich Lomonosov. 
The spacecraft is due to be launched in the 
mid-1990s. 

Raduga Satellite Launched 

Raduga 25 was launched by Proton on 
December 15, 1989. The communications 
satellite was placed in a near geostationary 
orbit. 
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Versatile navy blue jacket with light blue Society logo. 
Showerproof, winter weight, with detachable sleeves for 
use as a body-warmer. 

Available in the following sizes: 

Medium, Large, X/Large, XX/Large 

£26.00 (US$47) 


A unique six-coloured hand embroidered badge featuring 
the Society's Coat of Arms (3 a diameter) 

See advert on page 65 of this issue. £8.00 (US$14) 


Postage 

'Bomber 1 Jackets: please add £1.50 (overseas: £2.00 (US$4)) 
Coat of Arms Badge: please add 50p (US$1) 

Cheques, international money orders, postal orders, etc. 
should be made payable to The British Interplanetary Society. 

Send to: 

The British Interplanetary Society, 

27/29 South Lambeth Road. London SW8 1SZ, UK 
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ASTRO ART 
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is proud to present two NEW creations from the brush 
and pen (well, computer) of Britain's leading space 
artist' — DAVID A. HARDY 

1. VISIONS OF SPACE: The first-ever definitive 
book on Space Art. Many readers will have seen 
David Hardy's lecture on Space Art since 1874; 
this book captures but expands upon this. 
Including the work of some 70 international artists, 
'historical' and contemporary, in 176 large pages. 
Spectacular and accurate full colour artwork 
throughout. Published by Dragon's World, with a 
Foreword by Arthur C. Clarke. Only £16.95 
(hardcover) plus £1.95 towards p&p, SIGNED by 
the author (with a dedication if required). 

2. PROXIMA’S PLANET: an imaginary world 
circling our nearest stellar neighbour - a Red 
Dwarf star. A brand-new fine art print. 17" x 28- 
plus a white border, published by Novagraphics in 
the USA at $75.00 in a signed, limited edition of 
950. A few copies only available exclusively 
from Astro Art. SIGNED but not numbered, at 
only £15.00 postpaid. This is the next best thing to 
owning a Hardy original! 

Send SAE for details of these and other products from 
ASTRO ART * 99 Southam Road * Hall Green 
Birmingham B28 OAB 

Telephone 021777 1802 Fax 021 777 2792 
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Manned Systems for the 
Exploration of the Solar System 


EUROPEAN RENDEZVOUS 


Does the Western World really want 
to exploit space by settling the 
Moon and visiting Mars? This may 
seem a strange question to Intro¬ 
duce a discussion of space stations 
and beyond but It must be consid¬ 
ered seriously as Europe and the 
United States begin Initial studies 
of manned exploration of the Solar 
System in the post-Space Station 
Freedom era. The question Is 
posed, not so much with the expec¬ 
tation of a reply, but to be realistic 
about pioneering the Solar System. 
Settling the Moon and visiting Mars 
will not happen If we do not move 
ahead seriously with plans for 
space station construction and 
utilization. 

The space station era opened 19 
years ago with the launch of the Soviet 
Union’s Salyut 1. In all, there were five 
first-generation Salyut space stations 
and two second-generation ones. 
Then, in 1986, the Soviet Union suc¬ 
cessfully launched its even more ad¬ 
vanced space station, Mir, which is 
still operational. 

The Soviet Union took a slow but 
steady route to establishing a perma¬ 
nent human presence in space, with 
remarkable results. The Western 
World, on the other hand, has taken a 
totally different route. 

In 1973, two years after Salyut 1, 
the United States launched Skylab, 
the Western World’s first space sta¬ 
tion. It was used for three highly suc¬ 
cessful missions. The years 1975 to 
1981 were spent developing the 
Space Shuttle, a program that, 
through Spacelab, also brought Eu¬ 
rope into the manned spaceflight 
area. This reusable space laboratory, 
sponsored by the European Space 
Agency, made its maiden voyage in 

1983 after ten years of studies and 
development programs. 

During this time, space stations 
were not being ignored in the United 
States and Europe. Throughout the 
1960s NASA, with the support of vari¬ 
ous aerospace industries, carried out 
engineering and design studies for 
manned orbiting facilities. In the late 
1970s, ESA supported studies con¬ 
ducted by MBB/ERNO and Aeritalia, 
the major Spacelab industrial contrac¬ 
tors, on the possibility of extending the 
Spacelab design to the space station 
concept. 

It was not until President Reagan’s 

1984 State of the Union address that a 
formal commitment was made to build 
a space station for the Western World. 
At that time, an invitation was also 


Spacelab - Europe's first manned space project 

By E. Valleranl, G. Vlrigllo & 3. Lloy 

Aeritalia 

extended for international coopera¬ 
tion and Europe responded with the 
Columbus program. 

More than 15 years have passed 
since the launch of Skylab, the impor¬ 
tant first step towards a permanently 
manned orbiting facility for the West, 
and five years have gone by since the 
formal start of space station activities, 
yet the Western World is still having 
trouble translating commitment to 
reality. There is uncertainty about the 
US space budget and policy which 
affects the international partners. 
There is the spectre of more trimming 
of the space station configuration in 
the wake of threatened fund cuts; even 
talk of killing off the space station pro¬ 
gram entirely. 

Why have the Western World’s 
space station plans not developed 
more quickly? Could it be that there is 


NASA 

widespread doubt about the useful¬ 
ness of a permanent manned pres¬ 
ence in space? Without it, interest in 
space utilization and commercializa¬ 
tion will die. A nation convinced of the 
necessity of a space station for the 
future cannot help but move ahead in 
that direction with dedication. 

Talk of manned exploration of the 
Solar System seems inconsistent in 
view of the current space station situ¬ 
ation. A permanently manned orbiting 
facility, which could materialise In a 
relatively short time, is being met with 
resistance and doubt about its value. 
Yet, at the same time, there is renewed 
interest and much public discussion in 
establishing a permanent Moon base 
and a manned Mars mission as out¬ 
lined during the Summer of 1989 in 
President Bush’s US space goals. It 
seems that the Western World has the 
pioneering spirit and senses the im¬ 
portance of probing deeper into the 
Solar System, but only on the level of 
a wonderful future dream. The dream 
fades away, however, when society is 
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confronted with the present reality of 
building the space station needed to 
make such dreams come true. 

In effect, we are behaving like es¬ 
capists, not realists. 

If the current problems plaguing 
Space Station Freedom can be over¬ 
come, what awaits us at the end of this 
century in terms of a permanently 
manned orbiting facility for the West¬ 
ern World? 

Despite its problems, Space Sta¬ 
tion Freedom is still a viable space 
station concept open to international 
cooperation, and an integral part of it 
is Europe's Columbus program. De¬ 
spite its own problems, Columbus is 
entering Phase C/D, which will lead to 
the construction of two manned ele¬ 
ments around which Europe will estab¬ 
lish its permanent presence in space. 
These elements are the Columbus 
Attached Laboratory for the space 
station core and the Columbus Free 
Flying Laboratory, an independent, 
co-orbiting facility that will also pro¬ 
vide a foundation for Europe’s future 
autonomy in space. 

Spacelab and Columbus 

Europe’s expertise in manned sys¬ 
tems, which today is focused on the 
development of Columbus, goes back 
to the unquestionable success of 
Spacelab. 

This reusable, Shuttle-borne 
space laboratory was conceived and 
managed by ESA and developed by a 
12-member European Industrial con¬ 
sortium led by MBB/ERNO. As senior 
partner within the consortium, Aeri- 
talia was responsible for the modular, 
two-segment pressurised module 
structure and its thermal control. By 
the end of 1985, ;our Spacelab mis¬ 
sions were successfully completed 
involving experiments in micrograv¬ 
ity, life sciences, materials science, 
astronomy, solar physics and Earth 
observation. Spacelab flights, which 
were suspended following the Shuttle 
incident, are scheduled to resume in 
1990. A dozen missions using the 
Spacelab module are currently on the 
NASA manifest through 1993. 

The possibility of extending the 
Spacelab design to a space station 
was initially conducted under a bilat¬ 
eral agreement between Germany 
and Italy and resulted in ESA’s Colum¬ 
bus Program. Its key elements are: 

1. The Columbus Attached Labora¬ 
tory. This is a four-segment micro¬ 
gravity research facility to be a per¬ 
manent part of Space Station Free¬ 
dom’s initial manned core. 

2. The Columbus Free Flying Labora¬ 
tory. This is a two-segment pres¬ 
surised laboratory coupled to a 
resource module. An autonomous 
facility, it will co-orbit with Space 
Station Freedom and will be peri¬ 



A mockup of the Columbus attached pressurised module 


ESA/Aeritailia 


odically serviced by a crew. 

3. The Columbus Polar Platform. This 
will support payloads for Earth Ob¬ 
servation as well as space science 
and communications experiments. 

European Manned Infrastructure 

Europe has already begun studies 
to define a future beyond Space Sta¬ 
tion Freedom/Columbus. These stud¬ 
ies are being conducted for the Euro¬ 
pean Manned Space Infrastructure 
(EMSI) Preparatory Program to start 
in 1991 within ESA’g long-term activi¬ 
ties. This Preparatory Program is the 
first step towards establishing a 
manned capability in space for Europe 
as put forward by the 1985-1987 ESA 
Council meetings at the Ministerial 
level. 

The EMSI goals are: 

1. An autonomous European Space 
Station in low-Earth orbit and an in- 
orbit infrastructure to support it. 

2. A possible Moon base and Mars 
mission. 

Several definition studies have al¬ 
ready been completed or are near¬ 
ing completion. They include: 

1. EVADE (Escape Vehicle Analysis 
and Definition for EMSI) led by 
Aerospatiale. The escape vehicle 
under consideration is a three-per¬ 
son re-entry capsule that will re¬ 
main docked at the space station 
for emergency evacuation to Earth. 

2. HOUSE (Human Occupation and 
Utilisation of Space Environment) 
ted by MBB/ERNO. This is a system 
level study of all aspects of a Habi¬ 
tation Module for the European 
Space Station. 

3. ICE (Interconnecting Element) led 
by MBB/ERNO. The Interconnect¬ 
ing Element is a versatile pressur¬ 


ised space station element whose 
configuration studies are the re¬ 
sponsibility of Aeritalia. 

4. EMSI HABITAT STUDY led by Aeri¬ 
talia. This is a long-term study of the 
evolution of Europe’s manned 
presence in space beyond the Eu¬ 
ropean Space Station. 

The Interconnecting Element 

Aeritalia is responsible for the con¬ 
figuration studies of the space station. 
Interconnecting Element is much 
more than its name implies. In its most 
basic configuration, ICE creates a 
shirt-sleeve, pressurised passage 
between space station elements for 
the transfer of crew, equipment and 
resources and provides multiple dock¬ 
ing/berthing ports for Hermes, logis¬ 
tics modules, resource modules, es¬ 
cape vehicles, etc. It would also in¬ 
clude an externally mounted manipu¬ 
lator arm. 

The Interconnecting Element is an 
evolutionary structure and as the 
European Space Station grows in 
capability, so would the functions of 
ICE to include TV camera, airlock, 
EVA support, docking/servicing of 
free-flyers, logistics storage, space 
station command and control, etc. 

In addition to the above, Intercon¬ 
necting Elements could be used for 
special purpose missions. For ex¬ 
ample, a free-flying platform could be 
created by using an ICE as a payload 
carrier for pressurised experiments 
and coupling it with a small resource 
module. ICE could also be used as a 
pressurised workshop that co-orbits 
with the space station. 

European Space Station 

The European Manned Space In- 
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frastructure program Is scheduled to pletely different orbits. mapper, site selection, radiation con- 

begln In 1995 with the aim of having the Further, the space station will be a trol and local resource exploitation, in 
European Space Station in initial transportation hub for missions to and the end, the study will concentrate on 
operational mode by the year 2002. from Earth as well as a transportation developing a step-by-step program 

Europe’s timetable for space auton- node to faunch lunar and planetary for establishing a lunar outpost that 

omy and moving beyond Earth orbit is missions. Thus, the space station will will gradually evolve into a permanent 

divided into three phases. be a link in a space transportation lunar base. Settling the Moon could 

system that could establish and sup- begin In the 2000s with robotic return 

Phase 1 (2002 to 2005) port both a lunar base and a Mars flights, progressing toward a man- 

During this time, the European mission, and ultimately could be an tended science outpost and pilot plans 

Space Station will operate in a man- element In support of an international, for oxygen production. These facili- 

tended mode, it will consist Initially of global settlement of mankind in space. ties could then evolve Into a complete, 

a combination habitation-laboratory self-supporting lunar base, 

module, a one-segment Interconnect- Beyond the Space Station 

ing Element, a resource element arid Through Spacelab and Columbus, Manned Missions to Mars 

an escape vehicle. Europe will have gained considerable A discussion of Mars missions 

The Phase 1 space station will be experience in manned space systems should begin with a word of caution, 

very similar to the Columbus Free and will be ready to transfer it to pio- Before embarking on such grand en- 

Flying Laboratory and, perhaps, may neering the Moon and Mars. To pre- deavours we must seriously consider 

even evolve directly out of that facil- pare for that long-term future beyond the magnitude of the commitment. In 

ity. in addition, the initial space station the European Space Station, Aeritalla particular, such missions will be 

will have some robotics functions and Is directing the EMSi Habitat Study for strongly tied to the occurrence and 

will be supported by Hermes and a the European Space Agency. availability of extraterrestrial material 

logistics vehicle. A crew of two to three The Habitat Study begins with the resources and any attempt to exploit 

astronauts will cany out two missions results of previous ESA studies, such them will require a major commitment 

annually to the space station, each as HOUSE, and gives particular atten- over a period of many years. The 

mission lasting three to four months. tion to Phase 3 of the EMSI scenario impact of this commitment is such that 

After a year of operation, a larger when the European Space Station and it may be impossible to take on other 

laboratory module, only partially the EMSi infrastructure could support major space projects at the same time, 

equipped with payloads, will be added the development of a lunar base and a Thus it behoves us to consider mission 

along with a second resource element manned mission to Mars. options carefully and to design a pro- 

and a more advanced, two-segment Phase 3 of the European Space gram that will produce access to the 
Interconnecting Element. There will Station will be evaluated via the Habi- most needed resources such as 

also be an external structure for un- tat Study, and specific growth scenar- hydrogen, oxygen, water and carbon 

pressurised payloads. With this ex- bs investigated far beyond the year dioxide. Serious planning must be Inf- 

pansion of the space station during 2010: In particular, how the space sta- tiated for manned missions to Mars 

Phase 1, missions will be extended to tion Habitation Module could evolve to and its moons to prepare our technol- 

up to six months for a crew of three, support a Moon base and Mars mis- ogy for such long-duration space 

with a three-month separation be- sions. flights. 

tween missions. Other Habitat Study goals Include: The Habitat Study will evaluate the 

1. Identify technologies critical to requirements for a Mars mission frorji 

Phase 2 (2005 to 2010) EMSi Phase 3. the necessary propulsion systems to 

During this period the facility will be 2. Develop performance require- long-term life support systems. Visit- 

permanently manned, with three-per- ments for future transportation sys- ing and settling Mars could begin with 

son crews exchanged every four to six terns. robotic exploration of Mars, Including 

months. No expansion is planned al- 3. investigate the effects of extended the return of samples of Martian rocks 

though the resource element will be space missions on human factors. and soil. Early in the 21st century 

upgraded and the second laboratory mankind could be ready to land on the 

module will be fully equipped with Manned Moon Base Scenarios surface of Mars and, within a decade 

payloads. The term “Moon Base" can mean a afterwards, the first human outpost 

variety of things, from a simple outpost could appear. 

Phase 3 (2010 and Beyond) to a multifunctional, self-sufficient The Habitat Study will evaluate the 

This is a growth period for the Euro- and populous colony. A general see- propulsion systems necessary to get 

pean Space Station during which time nario for the evolution of a lunar set- from Earth to Mars, not a straightfor- 

moving beyond Earth orbit to the Moon tlement could be divided Into three ward journey. A possible Earth-Mars 

and to Mars becomes a possibility. By stages: voyage could proceed in the following 

the year 2010, the European Space 1. Robotic exploration of the Moon steps developed by NASA: 

Station is envisioned to be a versatile, using both orbiting and landing 1. The expedition team arrives at an 

multifunctional, permanently manned probes equipped with sophisti- Earth-orbiting space station and 

facility. It will be a laboratory for a wide cated sensors. boards a transfer vehicle that will 

spectrum of scientific studies, and 2. Establishment of man-tended out- take it to a libration point spaceport 

used to improve space technology posts primarily for scientific stud- to escape Earth's gravity and refuel 

capabilities in such areas as electric ies. the transfer vehicle, 

power generation, robotics, life sup- 3. Expansion to accommodate more 2. Departing from this spaceport in 

port systems, communications and scientific research and develop the transfer vehicle, they rendez- 

Earth observation sensors. In addi- commercial activities, possibly vous with a cycling spaceship for 

tion, it will function as a base for serv- evolving into a self-sustaining out- the five to seven month journey to 

icing other spacecraft, such as un- post for Solar System exploration. Mars. 

pressurised platforms and man- The Habitat Study will evaluate 3. At Mars orbit, the expedition again 

tended free flyers, and for assembling various lunar base scenarios and the boards the transfer vehicle, which 

large structures that will co-orbit with necessary requirements to support has been stored and refuelled on 

the space station or be sent into com- them such as: lunar orbiter explorer- the cycling spaceship, and docks at 
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the orbiting Mars spaceport, hav¬ 
ing taken advantage of aerobraking 
in the Martian atmosphere. 

4. The expedition boards a Mars lan¬ 
der and descends to the planet’s 
surface for the last leg of the jour¬ 
ney. 

Habitation Module Evolution 
During the Habitat Study, special 
attention will be paid to the long-term 
evolution of the design of the Euro¬ 
pean Space Station’s Habitation 
Module to include growth capabilities 
to meet future space exploration 
needs. Linder particular study is the 
utilisation of the Habitation Module as 
the space station evolves into a stag¬ 
ing base to support Moon and Mars 
missions and, specifically, the utilisa¬ 
tion of the Habitation Module as a 
building block for the Moon base itself. 

Regarding lunar missions, the 
Habitat Study will outline candidate 
configurations for a Habitation Mod¬ 
ule to be used for manned Earth-Moon 
travel and for the cislunar space infra¬ 
structure, as well as for lunar surface 
operations. 

For a Moon base, special consid¬ 
eration will be given to developing a 
Habitation Module capable of with¬ 
standing lunar environmental condi¬ 
tions including: 

1. Near vacuum. 

2. Extreme thermal variation. 

3. Radiation, especially from solar 
flares. 

4. Lunar day-night cycle. 

5. Micrometeoroids. 

Regarding a Mars mission, atten¬ 
tion will be given to using the Habita¬ 
tion Module in Earth-Mars trajectories 
and, depending on the adopted sce¬ 
nario, in circum-Martian space. Defi¬ 
nition of the internal architecture of the 
module will take into account the re¬ 
quirements peculiar to a long-duration 
Mars mission. These include: 

1. incorporating reconfiguration ca¬ 
pabilities, for example, to create an 
emergency medical facility. 

2. Avoiding a totally routine, repeti¬ 
tive environment in order to keep 
the crew occupied and motivated 
during the long interplanetary tra¬ 
jectory which can last from 1.5 to 3 
years. 

3. Assessing the possibility of artifi¬ 
cially generating gravity by tether¬ 
ing the Mars spaceship to a 
counterweight and spinning the 
system at an appropriate angular 
velocity. 

in addition, general consideration 
will be given to adapting the Habitation 
Module for use on the Martian surface. 

Future European 
Transportation Systems 

Conquering the Solar System will 
require a new generation of reliable 



transport systems to move people and 
cargo. It will be important that these 
next-generation systems separate 
the functions of one-way cargo trans¬ 
port from the round-trip transport of 
humans and high-value cargo to and 
from orbit. It will therefore be neces¬ 
sary to consider two different opera¬ 
tional needs for future transport sys¬ 
tems, viz: 

1. Unpiloted, automated cargo ve¬ 
hicles designed to carry space¬ 
craft, propellants, bulk cargo, etc. 
These could be updated deriva¬ 
tives of present-day launch ve¬ 
hicles. 

2. Passenger transport vehicles opti¬ 
mised for launch and return of 
crews and passengers as well as 
compact, high-value cargo. This 
could represent a follow-on to the 
present-day Space Shuttle. 
Advanced rocket and aerospace 

plane technologies will probably be 
the two disputants of the future trans¬ 
portation system, in addition, entirely 
new kinds of vehicles will be required 
to carry large payloads and crews from 
low-Earth orbit to geostationary orbit, 
and to the Moon and Mars. These in¬ 
clude an orbiting transfer .vehicle 
whose design could be adapted to a 
Janding vehicle for placing payloads 


on the lunar or Martian surface. 

Reaching Mars will tax our current 
ingenuity and wiil depend strongly on 
the technology and experience ac¬ 
quired through working on the Moon 
and in Earth-Moon space. 


Conclusions 

Now to return to the present and 
confront the opening question. We 
continue to dream of settling the Moon 
and are excited by the possibility of 
manned missions to Mars. But is pio¬ 
neering the Solar System something 
we really want to do? 

If the answer is “yes” then nations, 
industry and intellectuals must accept 
the responsibility of supporting space 
station activities with full determina¬ 
tion and courage and develop the 
plans necessary to move progres¬ 
sively into the future. 

if this support is not offered now, we 
cannot invest in the future that Solar 
System exploration holds. 

Space Station Freedom/Columbus 
is not only the first step towards pio¬ 
neering space but a key program that 
will benefit Earth as well. Initial steps 
towards its realisation have been 
taken, but so much more remains to be 
done. 
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International 'Space University 
summer sessions are designed to 
provide students with opportunities 
to: 

* Gain a general understanding of all 
technical and nontechnical areas 
of space exploration and develop¬ 
ment. 

* Study and work with the world's fin¬ 
est educators involved in space 
development. 

* Meet individuals with common in¬ 
terests from leading universities 
around the world. 

* Participate in design projects im¬ 
portant to near-term space re¬ 
search and development, with the 
opportunity to continue this work at 
their home institutions. 

* Discuss common goals, motiva¬ 
tions and ideals to enhance interna¬ 
tional cooperation on future space 
development projects. 

* Share dreams, ideas, and plans for 
the future of space development. 

The ISU's inaugural summer ses¬ 
sion at the Massachusetts Institute of 
Technology was a singular success. 
The intensive, nine-week programme 
was completed on August 20, 1988. 

The 104 students who attended 
came from 21 countries. These in¬ 
cluded Australia, Belgium, Brazil, 
Canada, China, 'Ecuador, France, 
Germany, Great Britain, Greece, In¬ 
dia, Italy, Japan, Kenya, Poland, 
Saudi Arabia, Soviet Union, Sri Lanka, 
Switzerland, United Arab Emirates 
and the United States. 

The International Space Uni¬ 
versity was accepted as a member of 
the international Astronautical Fed¬ 
eration at its Annual meeting in Ban- 


INTERNATIONAL SPACE UNIVERSITY 


International 
Space University 


By G. Lynwood May 

President of the United States 
Foundation for the International Space 
University 

described by one student as ‘like 

drinking from a fire hoseT 

One cannot really do justice to 
describing the birth process of an 
organisation like the ISU, which, de¬ 
spite dire warnings of detractors, was 
conceptualised, created, founded, 
established and in operation within a 
period of fifteen months. The ISU, the 
first institution of its kind, was not only 
created to teach an unstructured sub¬ 
ject such as “space'’, but did so with a 
multi-cultural, nationally diverse 
group recruited from around the world 
and brought together in one place for 
total immersion and learning experi¬ 
ence. 

Founded in April 1987 by three 
young entrepreneurs, the Interna¬ 
tional Space University (ISU) expects 
to become the leading centre for train¬ 
ing tomorrow’s international Space 
professionals. Todd Hawley, Peter 
Diamandis and Bob Richards founded 
the ISU out of concepts developed 
during activities at the Space Genera¬ 
tion Foundation. The current success 
of the ISU is primarily due to their 
combined energy and young talents in 
pulling together a diverse group of 
extraordinary people. 

Over the course of the summer 
sessions programmed through 1992, 
students and faculty will interact on a 
variety of levels and come to know 
each other as individuals as well as 
representatives of foreign cultures. 
Not only do people from widely vary¬ 
ing societies interact closely with one 
another, but the engineer learns the 
politics involved in bringing a design to 
fruition and the manager gains insight 
into the philosophical motivation of the 
scientist. 

In contrast to conventional, spe¬ 
cialised graduate programmes, the 
iSU is designed to give students a 
broad understanding of many essen¬ 
tial space-related fields. Traditional 
concentrations in engineering and 
science are supplemented by course 
work in life sciences, business and 
management, policy and law, re¬ 
sources and manufacturing, architec¬ 
ture and satellite applications. All 
courses are conducted in English. 


Arthur C. Clarke, Chancellor of the 
International Space University 
(ISU) addressed the first graduat¬ 
ing class at The Massachusetts 
Institute of Technology by multiple 
satellite hookup from his base in Sri 
Lanka; a formidable technological 
achievement but a normal happen¬ 
ing for ISU students. 


Dr. Clarke, in his speech to the 1988 
graduating class, said: 


“To work with friends from a score 
of other nations will profoundly affect 
your world view, and that may well be 
the most important role of the ISU. 

“As our terrestrial universities 
first flourished during the times of 
great exploration and discovery of our 
own planet, so the ISU is a response 
to the first exploration of space. 

“The blossoming of art and sci¬ 
ence during the Renaissance may 
now be repeated when artists and 
poets join scientists and engineers at 
the new frontier.” 


Dr. David C. Webb, first Chairman 
of the ISU Board of Directors and now 
Resident Scholar with the Space 
Research Foundation of the Astro¬ 
nauts Memorial Foundation in Florida, 
remarked; 


“How can one properly preface 
in a few words the creation of an in¬ 
stitution that perhaps may, should, 
and will, have a worldwide impact? 
How indeed! How does one explain 
an experience, the end of which was 


ISU Soviet student Vladimir Shutov, in space 
suit, and Larry Kuzmetz of the ISU Faculty. 
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galore, India in 1988. 

In 1988 the ISU conducted a major 
design project involving original work 
in conceiving, designing and con¬ 
structing a Lunar Base led by Wendell 
Mendell of NASA’s Marshall Space 
Flight Center, The Lunar Base Design 
Report is in great demand by many 
space organisations throughout the 
world. 

From June 30 to August 8, 1989 the 
ISU conducted classes at Strasbourg, 
France. There were 123 graduate- 
level students in attendance from 25 
nations. 

The Strasbourg programme re¬ 
ceived the endorsement of the Euro¬ 
pean Space Agency in a letter re¬ 
ceived from ESA Director General 
Prof. Reimar Lust, who also serves as 
a member of the ISU Board of Advi¬ 
sors. Sponsorship by European indus¬ 
try and government was actively 
sought by the ISU in 1989. 

In 1989 there were two design proj¬ 
ects. One concerned a Lunar Polar Or- 
biter. This project was led by James 
Burke of the Jet Propulsion Labora¬ 
tory. The second project concerned a 
Variable Gravity Research Facility led 
by Brand Griffin, Boeing Aerospace 
Corporation. 

The ISU students, in their 20’s and 
30’s, are required to demonstrate flu¬ 
ency in at least two languages. The 
official language of the university is 
English and courses are conducted in 
that language. English-speaking stu¬ 
dents must demonstrate their compe¬ 
tence in a second language. 

The student selection is made on 
the basis of two main criteria: a dem¬ 
onstrated excellence in their aca¬ 
demic specialty and a demonstrated 
leadership ability. Only those stu¬ 
dents exhibiting extraordinary levels 
of academic and extracurricular 
achievement are selected. 

The ISU is a non-profit, non-gov¬ 
ernmental organisation dedicated to 
serving the needs of industrial, aca¬ 
demic and governmental institutions 
involved in space research and devel¬ 
opment. It is designed to be the 
worldwide centre for training tomor¬ 
row’s space professionals. 

ISU goals are: 

* To develop and implement interna¬ 
tional space-related curricula, pro¬ 
viding students with the means to 
meet the scientific, technological, 
and political challenges of the fu¬ 
ture. 

* To identify, assemble, and educate 
talented students from all partici¬ 
pating nations. 

* To conduct research of interest to 
industry while teaching students 
critical skills needed for their future 
success. 


* To cultivate the leadership abilities 
of participating students and to ini¬ 
tiate long-lasting ties among these 
future heads of industry, govern¬ 
ment, and academia. 

* To expand international collabora¬ 
tion in space - related projects. 

Each summer, from 1988 to 1992, 
the ISU summer session will be con¬ 
ducted at a prominent institution in a 
different nation. New, advanced 
course work will be developed each 
year within these eight curriculum 
areas. Developing a»strong network of 
international supporters, the ISU will 
continue to expand, producing lead¬ 
ing-edge educational programmes 
and gaining access to the finest facili¬ 
ties and resources for space develop¬ 
ment education. 

In conjunction with the 1992 Inter¬ 
national Space Year, ISU will an¬ 
nounce plans to expand to a full-year 
format with Masters degree-granting 
status, a full time faculty and a perma¬ 
nent campus. At a later date the loca¬ 
tion of a number of satellite campuses 
will be announced. The Masters pro¬ 
gramme will be expanded to two years. 

In order to be able to pursue sup¬ 
port properly in the many countries 
involved with the International Space 
University, 14 non-profit, country-ori¬ 
ented liaison organisations have been 
established to find and manage sup¬ 
port for the ISU. 

British interests are the responsi¬ 
bility of the British Foundation for the 
International Space University whose 
chairman is Dr Geoffrey Pardoe. The 
American counterpart is the United 
States Foundation for the Interna¬ 
tional Space University whose Presi¬ 
dent is Mr. G. Lynwood May. The 
Canadian Foundation is led by Rod 
Tennyson. The Soviet Organisation is 


the Moscow Aviation Institute, led by 
Yury V. Atkov, Rector. 

Each of the organisations has the 
responsibility to find eligible* students 
whose backgrounds are distributed in 
the eight curriculum areas, recom¬ 
mending these students to the ac¬ 
creditation committee of the ISU and 
developing the funding for the stu¬ 
dents. 

All levels of industry, academia, 
educational foundations and govern¬ 
mental offices are encouraged to par¬ 
ticipate and assist the Foundations in 
supporting the world's future space 
leaders. The cost of supporting each 
student is US$10,000 and is expected 
to be held at that level through 1992. 
To develop a curriculum costs 
US$25,000 and to develop a text book 
costs US$50,000 at today's prices. 
There are currently eight academic 
areas organised into four schools that 
are expected to grow in the years 
ahead. 

The ISU is trying to form a univer¬ 
sity structure in five years that a nor¬ 
mally successful university does in 
twenty years. Yet the ISU concept 
goes well beyond the geographic lim¬ 
its normally imposed on a university in 
that it is not only international in con¬ 
cept and operation (which demands 
multiple satellite campuses) but it 
must also, eventually, operate in the 
space environment. 

The International Space University 
is a concept whose time has come. All 
the world’s citizens should be thankful 
that the young men who formed the 
International Space University came 
together when they did. 

The concept is timely. It is impor¬ 
tant. It is urgent. It is essential to the 
further development of space capa¬ 
bilities. 
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The Class of ISU ‘89 


Module Section 


Despun, trackable 
solar arrays 


Axis of rotation 


5 meter Truss 



Despun Section 


Counterweight 

Section 


One of the ISU '89 Design projects a Variable Gravity Research Facility. 


John Bird was one of a number of 
BIS members who participated In 
an ISU '89 course. His account of the 
ISU two-month long course ap¬ 
pears below. 

The International Space University 
’89 session, held in Strasbourg to 
study a variety of space disciplines, 
proved a great success. 

The convocation, hosted by the 
Universite Louis Pasteur and the City 
of Strasbourg, included a welcome by 
Mr Ian Pryke, ISU Chairman, head of 
ESA's Washington Office and a Fellow 
of the Society. Also on hand to wel¬ 
come the students were the Mayor of 
Strasbourg, the President of the Univ¬ 
ersite Louis Pasteur, the Managing Di¬ 
rector of the Austrian Space Agency 
and Founders of the ISU. 

Curriculum 

The orientation schedule included 
planning sessions and special work¬ 
shops devoted to working with people 
from different cultures. The two month 
program, from 1 July to 31 August, 
included 240 hours of lectures divided 
into the following disciplines: 

- Space Architecture. Space struc¬ 
tures were discussed, including as¬ 
pects related to the design project. 

- Space Engineering. Design and 
construction of existing and proposed 
space systems were discussed. 

- Space Business and Management, 
with a focus on financing multinational 
space projects and space commer¬ 
cialization. 

- Space Policy and Law, covering the 
international interaction of govern¬ 
ments and industries. 

- Space Life Science. This course 
covered psycho- and socio-dynamic 
effects on humans in spaceflight, life- 
support systems and physiological 
changes in space. 

- Space Physical Science included 
the basics of experiment design for 
orbital research. 

- Space Resources and Manufactur¬ 
ing. The focus of this course was on 
location, collection and processing of 
non-terrestrial resources for con¬ 
struction materials and fuels. 

- Satellite applications, such as 
remote sensing, communications and 
weather monitoring. 

For the first month, the “core lec¬ 
tures” were common to all students but 
during the second month, “advanced 
lectures” were given for each disci¬ 
pline simultaneously, with about 20 
students in each class. Other class 
formats were “directed studies” and a 
design project. 

Examples of some of the classes 


included: Existing Outer Space Legal 
Regimes, The Moon as a Planet, Fun¬ 
damentals of Remote Sensing and 
The Interaction of Governments with 
Private Enterprise. All the proceed¬ 
ings were in English, although, as 
required for entry to the program, all 
students knew a second language, 
with many fluent in several. The lec¬ 
ture summaries given before each 
class proved particularly helpful to 
students whose first language was not 
English. The format for the classes 
was five lectures per day, each several 
hours long. Students were asked to fill 
out evaluation forms for each lecture. 

Staff and Faculty 

The organizational structure of ISU 
was divided into students, faculty, 
department assistants and staff. The 
faculty consisted of leading research¬ 
ers and Academicians from around 
the.world. Most were at ISU for a month 
though some stayed for the full two 
months. Most lectures were given by 
the faculty, the rest by leaders in their 
fields who came to give only one lec¬ 
ture. The department assistants were 
comprised mainly of the ISU '88 stu¬ 


dents. Their role was to assist the 
students in the design project. 

An exam was held at the end of the 
core lectures to determine whether 
the students had grasped the basic 
concepts. This was controversial as 
many students did not agree with the 
concept of an exam at ISU. Results 
were very good, good, and satisfac¬ 
tory. Individual grades were not re¬ 
vealed to the students, which again 
was controversial. Most of the time at 
a "town meeting” of all faculty and stu¬ 
dents was spent discussing policies 
regarding the exam. 

In spite of the hard work there was 
also time for entertainment. On Can¬ 
ada day, the Canadians filled a canoe 
with beer and a good time was had by 
all. Vodka was provided by the Sovi¬ 
ets on USSR night. France night was a 
great success, with everyone wearing 
revolutionary bonnets. The soiree 
included plenty of wine tasting. On 
USA night, the theme was on the Moon 
so everyone wore antennas on their 
head. No university would be com¬ 
plete without a Toga party, which held 
to tradition at ISU. 

Facilities available to the students 
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included electronic mail, Macintosh 
computers, meeting rooms and a 
special ISU library, but other univer¬ 
sity facilities were lacking, a situation 
to be improved next year. Many of the 
ISU students were computer wizards 
who quickly developed a newsletter. 
Computer training sessions were 
held, with students familiar with com¬ 
puters training others. Initially, these 
training sessions were to familiarize 
the students with the 1 Macintosh. Later 
sessions were on more advanced 
topics such as three dimensional 
graphics. One of the interesting pro¬ 
grams available was “Orbital Mechan¬ 
ics” which simulated orbits. Students 
could “get the feel" for various orbits 
and docking manoeuvres. 

Special Visitors 

Buzz Aldrin, Apollo 11 astronaut, 
gave a talk on his ideas for a vehicle to 
carry astronauts to Mars. He thought 
the US or the Soviet Union could go to 
Mars alone but that it would probably 
be an international venture. 

Cosmonaut Oleg Atkov stayed at 
ISU for a month. He flew in Mir for 256 
days and has since returned to medi¬ 
cal research. 

Several ISU students and staff met 
with Michael Gorbachev to invite him 
to ISU ’91 in Moscow. ISU ’90 will be at 
York University in Toronto, Canada, 


and ISU ’92 will be in Japan. During the 
International Space Year, 1992, ISU 
will open its permanent campus. 

Projects 

Two projects were conducted by 
the ISU students. They were the Lunar 
Polar Orblter, “Artimus” and the Vari¬ 
able Gravity Research Facility, “New¬ 
ton”. The Lunar Polar Orblter is a sat¬ 
ellite to map the resources of the 
Moon. However, the project involved 
much more than just satellite design. 
It was actually a feasibility study in¬ 
cluding systems for allocating the 
contributions of the various govern¬ 
ment agencies and industries and the 
identification of policy and manage¬ 
ment arrangements. About half the 
students chose the LPO. The others, 
including all the life science students, 
chose the VGRF. 

Organizing the projects was a ma¬ 
jor project. One problem was identify¬ 
ing the scope of each project to enable 
the students to know what had been 
decided in advance. For example, it 
was not clear whether radio communi¬ 
cation (as opposed to laser communi¬ 
cation) had been agreed in advance, 
or if the students were to look into this 
idea. 

Receptions 

A number of receptions and special 


events were arranged. The City of 
Strasbourg Chamber of Commerce, 
for example, held a reception in hon¬ 
our of Dr. Masafumi Miyazawa, Direc¬ 
tor of Launch Vehicle Systems Group 
of the National Space Development 
Agency of Japan, one of the ISU lec¬ 
turers. 

EEC day saw a reception at the 
Palais du Congres by the European 
Parliament which included a special 
presentation on the science polices 
and a trip back to the Institute de 
Mathematique by boat on a scenic 
cruise through Strasbourg. Upon re¬ 
turn to the Institute, where the ISU 
classes were held, we were able to 
watch an Ariane launch live via a spe¬ 
cial satellite network. 

Another special event was organ¬ 
ised for the Voyager Neptune encoun¬ 
ter. This was held at the Palais de la 
Musique et des Congres for both ISU 
and hundreds of the local “Strasbour- 
gois”. Images were shown -live from 
Neptune via a special link to the Jet 
Propulsion Laboratory in California, 
with commentary from both JPL and 
space scientists from ISU. 

Space explorers, on hand to dis¬ 
cuss their experiments, were the 
Soviet Cosmonaut Oleg Atkov, 
French astronauts Patrick Baudry and 
Jean-Loup Cretien, and the American 
astronaut Bruce McCandless. 


VISION OF SPACE 

Soar above the red deserts of Mars, marvel at ringed 
Saturn from the craggy surface of one of its moons. Trav¬ 
elling through the Solar System is much easier than you 
thought: simply invest in a 40-slide set of space art avail¬ 
able now. 

This is your chance to own a superb 40-slide collection 
showing the best works of Space Art pioneer Chesley 
Bonestell, a Fellow of the Society. 

“Chesley Bonestell’s pictures,” Wernher von Braun 
once said, “are more than just reproductions of beautiful, 
aethereal paintings of worlds beyond. They present the 
most accurate portrayal of those far-away heavenly 
bodies that modern science can offer.” 

For the incredibly low price of £18 (US$32), including 
P&P and VAT, you will receive 40 slides showing the 
golden age of Bonestell from the late 1940’s to the 1960’s, 
in their own presentation box, together with a cassette 
tape describing the pictures. 

Pictures presented include: “Lunar Landscape,” 
“Moon Landing," “Eclipse of Sun by Earth,” “Creation of 
the Moon’s Mare Imbrium,” “The Planet Saturn," “Recov¬ 
erable Winged Shuttle Vehicle,” “Baby Space Station,” 
‘The Planet Mars” and many more. 

These pictures are now collector’s items, so only a 
small number are available. 

To be sure of your set send your order and remittance 
now to: The British Interplanetary Society, 27/29 South 
Lambeth Road, London SW8 1SZ. We will dispatch your 
slide set and cassette immediately while stocks last. 
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Visions of Space: Artists Journey through the Cosmos 

D.A. Hardy, Dragon’s World Ltd., 26 Warwick Way, London, SW1V 
1RX, 1989, 176pp, Cl 6.95. 

Artistic representations of the Heavens date back to the earliest 
times and have often been the inspiration for beautiful, if highly 
imaginative, works of art. However, from the 19th century to the 
present day, space art acquired an increasing ly-factual element as 
space travel concepts developed yet, even as the boundaries of the 
cosmos are pushed back yet further, imaginative art reaches out to 
depict the frontiers of space at its most distant realms. 

This compendium brings together examples of the work of many 
artists. The range is vast. Space probes, shuttles and the like, de¬ 
picting the present day, jostle with exotic alien landscapes, black 
holes and far-distant nebulae. Most of the examples selected take 
the form of strikingly beautiful extrapolations from the factual knowl¬ 
edge of today, the factor which undoubtedly distinguishes space art 
from the pure fantasy of several science-fiction compendiums which 
also show high artistic merit but pay little heed to known data. 

The work of the 60 artists featured allows interesting compari¬ 
sons to be made in style, perspective, subject-matter and the like. 
Many of the projects depicted will not, of course, ever see reality in 
the form imagined, and alien landscapes may one day emerge as 
even more or, possibly, even less alien than shown here. All the 
artists featured have, however, and to a man, risen irresistibly to 
the challenge of attempting to visualise the unknown. If there is one 
small reservation to be made, it may be the fact that the pictures are 
all so strikingly attractive. If the Universe really is like that, we shall 
be the happier for it. 


Never Beyond Reach 

B. Gallagher, International Maritime Satellite Organization, 40 Mel¬ 
ton Street, Euston square, London, NW1 2EQ, 1989, 285pp, El 6.95. 

Of those who travelled the Earth for business reasons, it was 
probably the mariners who felt most the shortcomings of pre-satel¬ 
lite communications. They had to depend on an unpredictable high- 
frequency radio for contact from mid-ocean and sometimes found 
themselves cut off for days on end. 

A better way emerged in the early 1960s when satellites were 
used to relay signals between fixed stations on either side of the 
Atlantic. Experiments soon became reality as their success created 
the right climate for the extension of satcoms to mobile users. Thus, 
INMARSAT was set up in 1979 to offer such services to maritime 
users the world over. 

This book has been published to mark INMARSATS 10th Anni¬ 
versary. It carries the reader from the very beginnings of satellite 
communications to current development and on to those expected 
in the next century. At the heart of the book are the chapters on the 
three spheres of current mobile satcoms activity viz maritime, aero¬ 
nautical and land-mobile. Looking towards the 21st century, the 
book describes mobile satcoms extended to the polar regions and 
to the introduction of pocket global personal communicators, along 
with that eventual day when no-one with a need to communicate will 
ever be beyond reach. 


Law and Policy In the Space Stations’ Era 

A. J. Young, Kluwer Academic Publishers, PO Box 989, 3300 AZ 
Dordrecht, The Netherlands, 1989, 322pp, £52.00. 

Space Stations represent a watershed in man’s utilization of 
space. The array of hardware, proliferation of space capability, a 


constant presence of man in orbit and the variety of activities and 
multiplicity of participants, all coalesce to create an unprecedented 
situation. 

Besides scientific and technological developments, the book 
also addresses policy implications, including not only the Soviet 
Union, with its Mir orbital complex but participants in the US/Inter- 
national Freedom Space Station i.e. the United States, European 
Space Agency, Japan and Canada, all of whom will be united in 
manned exploration and exploitation of the inner solar system for 
the next generation, at least. 

Cooperation on such a scale will inevitably create numerous 
legal difficulties. The book divides its discussion of these into three 
parts i.e. a constitutional perspective of the treaty-making process 
in the space field, the optimum framework for management of the 
Freedom Space Station and a presentation of Ihe range and com¬ 
plexity of the commercial issues involved. 

The final part of the book deals with the realities within which 
space stations must operate. Thus, there is a discussion of the mili¬ 
tary aspects of space station utilization, an assessment of legisla¬ 
tive attempts to protect Ihe environment of near-Earth space and 
an appraisal of the viability of the existing global legislative frame¬ 
work. 


Mars: The Next Step 

A. E. Smith, Adam Hilger Publishers, Techno House, Reddiffe Way, 
Bristol, BS1 6NX, 1989, 151pp, El 2.50. 

The planet Mars, our second-nearest neighbour and an object of 
mystery and fascination over the centuries, will undoubtedly pro¬ 
vide the setting for one of mankind’s greatest adventures. Both the 
USA and the USSR have given advance notice of their intent to 
mount manned missions to the red planet so it seems likely that this 
will occur in the early years of the next century. 

The author argues that the only feasible colonisation of another 
planet in our solar system will be on Mars, with the conquest of the 
Moon merely a precursor to this. The surface of Mars poses a hard 
habitat so the book looks at the possibility that, with the aid of future 
technologies, it may be possible to produce an environment able to 
support life. This introduces the concept of ‘terraforming’, a proc¬ 
ess whereby Mars may be turned into a more congenial environment 
for man. It includes both changing its climate and the introduction of 
plants which, through genetic engineering, could be adapted to 
thrive in the new World. 


Space Physiology and Medicine 

A. E. Nicogossian et al, Lea & Febiger (UK) Ltd., 145A Croydon 
Road, Beckenham, Kent, BR3 3RB, 1989, 401 pp, £44. 

Significant new knowledge has been acquired since the first 
edition of this book appeared in 1982. Even so, space remains an 
only-partially explored environment, with the discipline of space 
medicine still in its infancy. More experimentation is needed before 
a comprehensive picture emerges on how living systems adapt to 
the space environment over prolonged periods of time. 

The present volume provides a global view of the biological is¬ 
sues involved and, at the same time, an in-depth review of practical 
aspects of space medicine. Some areas, such as radiation, perform¬ 
ance, neurophysiology, nutrition and human capabilities have all 
been significantly upgraded. Olhers have been updated by new in¬ 
formation from the Shuttle short-duration missions and the USSR 
long-duration orbital missions. Man’s endurance in space has ap¬ 
proached a year, at least, and more women have flown in space than 
in the preceding twenty years. 

The book really divide® into two major parts, the first consisting 
of a description of manned spaceflight, the space environment and 
space flight systems and procedures. The second deals with physio¬ 
logical adaptation to space flight, medical problems and the mainte¬ 
nance of health. The result is a most attractive compendium, well 
illustrated and authoritative in content. 

Not all current data will be found in the volume, e.g. data of too 
preliminary a character has not been included on the grounds that 
this would be in the nature of speculation rather than the presenta¬ 
tion of definititive knowledge. 
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Handbook for Aerospace Education 

J.P. Rossie, AEDP, 6991 South Madison Way, Littleton, Colorado 
80122, USA 106pp. 1989, $8.95. 

This handy little booklet is directed primarily towards American 
youth but the need lor aerospace education is just as pertinent to 
the UK, whether the UK Government is aware of it or not. Its object 
is to show how space can provide a major focus for youth to lead the 
way to an exciting new era. The result is a compilation of thoughts 
and ideas to assist teachers to establish suitable educational pro¬ 
grammes either in school or elsewhere. Nearly half the book is 
devoted to a listing of resources available to teachers in America. 
Similar resources are lacking in the UK, though the European Space 
agency, although predominantly concerned with producing tetfini- 
cal information, issues useful material of a general educational 
nature from time to time. 


| I Intern via Space Directory, 1989/90 

Ed: A. Wilson, Jane’s Defence Data, Sentinel House, 163 Brighton 
Road, Coulsdon, Surrey, CR3 2NX, 1989, 671pp, £80. 

This Directory, formerly known as Jane’s Spaceflight Directory, 
provides information on the space programmes of the steadily in¬ 
creasing number of countries with activities in this field, now more 
than 35. Among the areas covered are National/lntematiooal over¬ 
views, programmes, budgets, responsible agencies; Military - 
communications, navigation and Earth observation satellites, SDI, 
early warning and ELINT; Launches/Propulsion - with emphasis on 
characteristics and payload capabilities; Communications - details 
on current and future comsats, manufacturers and agencies; Navi¬ 
gation; Earth Observation; Microgravity; World 'Space Centres; 

Space Systems; and details on the space industry including com¬ 
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Observing the Constellations 

J. Sanford, Mitchell Beazley Publishers, Artists House, 14-15 
Manette Street, London, W1V 5LB, 1989, 176pp, £9.95. 

This is a popular star guide for the amateur astronomer. It pres¬ 
ents all the constellation in alphabetical sequence. Full-colour star 
maps, which complement photographs, label the stars and other 
astronomical objects to show not only those observable with the 
naked eye or binoculars but fainter objects likely to be of interest to 
the more serious amateur. 

Stars in the constellations are shown down to magnitude 6.5, a 
level of detail usually found only in specialised star atlases. Text 
describes the position of each constellation in the sky and detailed 
descriptions of interesting objects which lie within. Information on 
the origins of constellations are also given, thus delving into classi¬ 
cal mythology. 

Darkness at Night - A Riddle of the Universe 

E Harrison, Harvard University Press, 126 Buckingham Palace 
Road, London, SW1W 9SA, 1987, 293pp, £10.25. 

Why is it that the night sky is so dark, broken only by isolated points 
of light, when the Universe is filled with stars and nebulae stretched 
out along every line of sight? This is the riddle of “cosmic darkness" 
which has intrigued astronomers for centuries. The solution of the 
riddle was first attributed to Wilhelm Olbere during the last century 
and thus now commonly called “Olbers Paradox”. However, it’ was 
really only one of many proposed solutions: others have included 
the idea that starlight is too feeble, that' interstellar absorbtion has 
taken place or that obscuration by dark stars and gases has occured. 

The author here introduces a new idea to add to those which have 
gone before. The result, without giving the solution- away, is an 
eminently readable book on a fascinating subject and, for those who 
like mysteries, one with a difference. 
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Voyager Interstellar Mission 



Five Voyager 2 images of Neptune, taken in late August 1989, are compared with a near-simultaneous 
ground-based image (lower right) taken by Dr. H. B. Hammel of JPL with the 2.2m-reflector of the 
University of Hawaii (Mauna Kea Observatory) Smearing due to the Earth’s atmosphere makes the 
planet appear fuzzy and the feature larger than shown in the Voyager images The Voyager images, 
taken one day before closest approach to Neptune, are taken with various filters Comparisons of this 
type allow the Voyager data to be studied in the context of a decade of grouncH>ased images, which 
exhibit variability NASA/JPL 


Although the planetary glory days 
are over for Voyagers 1 and 2, sci¬ 
entifically Important Investiga¬ 
tions are being planned for these 
two distant resources which could 
function for an additional quarter of 
a century. The year of 1990 Is a time 
of transition for the Voyager project 
as It makes preparations, on the 
ground and on the spacecraft, to 
conduct what Is labelled the “Voy¬ 
ager Interstellar Mission” (VIM). 
Scientific objectives for VIM In¬ 
clude: a search for the hellopause, 
the boundary zone where the Influ¬ 
ence of the solar wind ends; char¬ 
acterization of fields and particles 
phenomena In the new territories of 
the outer solar system; and con¬ 
tinuance of stellar observations 
with the ultraviolet spectrometers 
aboard each spacecraft. 

George P. Textor was appointed 
Voyager Project Manager after the 
encounter with Neptune, replacing 
Norman R. Haynes who became Dep¬ 
uty Assistant Laboratory Director for 
Flight Projects. Textor, a 1956 gradu¬ 
ate of the U.S. Naval Academy at 
Annapolis, flew for the Air Force until 
joining JPL in 1967. He served on the 


Mariner 1969 and Viking missions to 
Mars. Subsequently assigned to ad¬ 
vanced studies, one day in December 
1977 he walked into the office of then- 
Mission-Director for Voyager, 
Richard Laeser, to ask a question and 
walked out with the offer of a job in 
hand. Rising to the position of Mission 
Director for the Voyager encounters 
with Uranus and Neptune, Textor 
obviously possesses a wealth of expe¬ 
rience to guide the project. In addition, 
as I observed while working for him as 
Flight Engineering Manager for the 
Uranus encounter, Textor has a 
unique talent for maximizing scientific 
return within the dual constraints of 
cost and risk. A week before Christ¬ 
mas, he and I sat down to discuss “life 
after Neptune" as reported below. 

A family portrait of the planetary 
system has been proposed. It is 
planned to capture with a mosaic of 
images a picture of six or seven of the 
planets; Mercury is too close to the 
Sun’s glare, Pluto is too far away and 
faint, and the thin crescent of Mars 
may be too faint to detect. If all goes 
well, the current plan is to snap some 
65 separate images, using various fil¬ 
ters and exposure times, from Voy¬ 


ager 1 in February 1990 (with storage 
of the Images on the spacecraft’s tape 
recorder for playback to Earth in late 
March). This is the last planned use of 
the imaging system aboard either 
spacecraft. (After the January 1986 
Uranus encounter, we considered 
taking an image containing Halley's 
Comet, Earth, and Mars but con¬ 
cluded that faintness and solar glare 
doomed the enterprise. The high-gain 
antenna would have been ma¬ 
noeuvred to a position to block some 
of the solar interference during imag¬ 
ing.) The normal mode of operation 
during VIM will consist of a “back¬ 
ground” sequence executing on the 
spacecraft, directing collection of 
fields-and-particles data, with an 
overlay of a more specialized se¬ 
quence designed to point the ultravio¬ 
let instrument at selected astrophysi- 
cal sources. 

An important consideration in de¬ 
signing any space mission is the track¬ 
ing-station resources which will be 
required to support the return of data. 
The Deep Space Network (DSN), 
operated by JPL for NASA, has three 
sites - in California, Spain, and Austra¬ 
lia - spread in longitude around the 
globe. At each site is a 70m antenna 
and two 34m antennas. The DSN is 
committed not only to NASA planetary 
missions such as Voyager, Galileo, 
and Magellan but also engages in 
support of other classes of missions. 
Hence, VIM planners have designed 
their principal data-gathering activi¬ 
ties so that support from the lesser 
tracking resource, 34m antennas, will 
suffice: 160 bits per second (b/s) will 
convey the fields-and-particles infor¬ 
mation. When ultraviolet-spectrome¬ 
ter data are to be returned, the data 
rate will increase to 600 b/s but 34m 
antennas will still suffice. On occa¬ 
sion, data which have been stored on 
the onboard tape recorder will be 
played back at rates of 3.6 kb/s or 7.2 
kb/s, requiring the use of a 70m an¬ 
tenna. 

As the two spacecraft recede ever 
further from Earth, it might be ex¬ 
pected that lower data rates would 
result, and, indeed this is a possible 
outcome. However, it is anticipated 
that projected improvements in DSN 
capabilities will probably permit the 
present VIM-set of data rates to be 
maintained well past the year 2000. 

As mentioned above, 1990 is a 
period of preparation for VIM opera¬ 
tions. (Data are still being collected by 
the spacecraft, using existing project 
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structures and procedures.) Changes 
include conversion of the Voyager 
downlink to the new SFOC system - 
see the following item “Multimission 
Software” - with many uplink activities 
transferred to the spacecraft itself in 
the form of “blocks”: subroutines 
which are applied by specifying nu¬ 


merical values of relevant parame¬ 
ters. Other uplink activities are ac¬ 
complished by means of a slimmed- 
down ground system, with eventual 
transition to SFOC uplink a possibility. 

The Voyager project has de-staffed 
by more than half of its strength at 
Neptune, and when the VIM system is 


in place it will operate with about a fifth 
of the personnel used for the Uranus 
and Neptune phases. But with Voy¬ 
ager 1 now the most distant spacecraft 
from the Sun, plus the anticipated long 
life of these two scientific outposts, 
Voyager’s reports from deep space 
should still prove fascinating. 


Multimission Software 


Loaded onboard JPL Interplanetary spacecraft are two types of computer 
programs: those that reside for long periods of time and those that are 
replaced every few days, weeks, or months. Denizens of the first category 
Include basic software which controls the attitude (orientation) of the 
spacecraft or protects It against various kinds of suddenly experienced 
anomalies. The principal occupant of the second category Is a program 
that Issues a time-tagged sequence of commands, “the sequence”, which 
controls the scientific and mission-related activities of the spacecraft: 
camera pointing, motor burns, etc. (See “How to Feed a Spacecraft” In the 
January 1987 edition of this column.) These sequences - ten were used to 
guide Voyager 2 through Its June to October 1989 encounter with Neptune 
- are not produced In the classical way by computer programmers writing 
lines of code. Rather, sequences are built by other (ground-based) com¬ 
puter programs which are directed by parameters supplied by human 
sequence developers. The program set for developing sequences has a 
long history at JPL and totals more than one-half million lines of code. Over 
the last few years, the Space Flight Operations Center (SFOC) project, 
managed by Michael Ebersole, has been designing, coding, and testing an 
Innovative replacement for this program set. 


The reasons for providing a se¬ 
quencing capability for a mission, as 
opposed to conducting it by “real¬ 
time” commands which are executed 
by the spacecraft upon receipt from 
the ground, are several. First, rela¬ 
tively simple missions are usually best 
handled through the use of a few real¬ 
time commands per day - changing 
gain states of devices, etc. However, 
when thousands of commands may be 
required in a relatively short period of 
time, which can be the case during 
critical phases of an interplanetary 
mission, it is usually best to store them 
onboard as a sequence. This ap¬ 
proach insures that the whole set of 
commands is in place before execu¬ 
tion begins. Also, a sequence can be 
uplinkdd to a spacecraft rather 
quickly, freeing the flight team from 
the concern of “dribbling" the com¬ 
mands to the vehicle over an extended 
period of time. A second reason for 
using sequences is that direct commu¬ 
nications are not always possible due 
to interruptions of the line-of-sight 
from station to spacecraft by the Earth 
or other solar system bodies. Thirdly, 
stations are sometimes unavailable 
due to commitments to other missions 
or being out-of-service because of 
hardware failures. Fourthly, even if 
the commanding link to Earth were 
severed by an onboard receiver fail¬ 
ure, the spacecraft could continue to 
function and return data to Earth for 
the period that its sequence remained 
operative. Finally, a stored sequence 
facilitates Issuance of time-critical 
commands at exactly the correct 


times. 

Thus, the Importance of sequenc¬ 
ing for interplanetary flight can be 
appreciated. As mentioned above, 
much of the support for building se¬ 
quences comes from ground-based 
software: “the Mission Sequence 
System (MSS)”. The MSS can be 
subdivided into three categories of 
programs: (1) planning and design, 
(2) sequence-generation, and (3) 
sequence testing and validation. The 
programs are exercised In more-or- 


less this order during the course of 
building a sequence. 

The products of the planning and 
design programs are twofold: a time- 
ordered, conflict-free series of space¬ 
craft and ground activities and a gra¬ 
phical layout of remote-sensing activi¬ 
ties. The “timeline” and the remote¬ 
sensing “views” are human-oriented 
products. With category (2), the 
emphasis shifts towards the machine 
- the onboard spacecraft computer - 
and the agreed-upon activities are 
translated into commands and their bit 
patterns that constitute intellectual 
fodder for a computer. The third cate¬ 
gory, testing and validation, is not 
done entirely at the end of the se¬ 
quencing process; constraint check¬ 
ing (e.g., is an imaging sequence 
going to point the camera too close to 
the Sun?) goes on throughout catego¬ 
ries (1) and (2). However, projects 
usually have a software or hardware 
facility that is exercised prior to uplink 
to Insure, by simulation of onboard 
systems, that the finished sequence is 
satisfactory. 

In the broadest sense, the theme of 
this piece is the quest for reusable 
MSS software. Many engineering 
creations can be used more than once: 
bricks, circuit designs, metals, rocket 


The Mars Observer meson is the first that win be sequenced by the new Space Right Operations 
ground software set An overview of major mission events is depicted in this diagram with: L - launch, 
MOI - Mars Orbit Insertion, EOM - end of mission, ksps- kilosymbois per second, OSS - Deep Space 
Station, and HEF - high efficiency. NASA!JPL 
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architectures, project organization 
charts - the list is very long. However, 
software developers, like writers, 
must often begin anew with the proc¬ 
ess of building programs. In certain 
cases, where subsequent applica¬ 
tions are similar to earlier ones, inheri¬ 
tance of designs, or even code, may 
be feasible. Thus, the series of JPL 
interplanetary projects from the 
1960s to the present have spawned a 
family tree of computer programs. For 
example, in the earty 1970s, I adapted 
a Mariner 9 trajectory program for use 
on the Viking-to-Mars project (see the 
January 1989 “Space at JPL"). Voy¬ 
ager software has led to programs for 
Galileo; some Magellan software is 
derived from Galileo, and so the evo¬ 
lutionary line continues. 

A more general approach to soft¬ 
ware reusability is through object-ori¬ 
ented programming, which has flour¬ 
ished in the last decade. Much of the 
flavour of this approach is a change in 
design perspective, wherein the pro¬ 
grammer creates software “objects", 
capable of carrying out specific tasks 
and interacting amongst themselves. 
In planning a schedule of events, for 
example, an “expediter object” might 
be created within the scheduling pro¬ 
gram in order to identify and amelio¬ 
rate “log jams” in the series of events 
being arranged. “Objects” promote 
reusability because, like bricks, they 
are commonly designed to accom¬ 
plish basic, atomic-like tasks. 

Object-oriented programming 
uses special languages - AT&T’s C++ 
is popular - and faces special chal¬ 
lenges. An object-oriented program 
might be compared to a society of 
freewheeling individuals, as opposed 
to a highly structured society (repre¬ 


senting in this metaphor a classical 
computer program). The architec¬ 
tural design for the latter is easier to 
accomplish and, when the program is 
complete, is easier to document. 

The essence of JPL’s SFOC project 
is the promotion of reusability for the 
uplink and downlink phases of flight 
operations. (“Uplink” and “downlink” 
are, as the names indicate, concerned 
with commands and telemetry, re¬ 
spectively. Sequencing is part of the 
uplink process.) The downlink aspect 
of flight projects was addressed first: 
capturing data from the Deep Space 
Network and routing them to the ap¬ 
propriate user or facility. The ongoing 
Magellan mission to Venus (arrival at 
the planet will occur in August 1990) is 
SFOC’s first (downlink) customer. 

The uplink capability for SFOC is 
currently nearing completion and will 
first be utilized by the Mars Observer 
project, which is scheduled to send a 
spacecraft to the Red Planet with a 
1992 launch. The next users will be the 
Comet Rendezvous Asteroid Flyby 
(CRAF) and Cassini-to-Saturn mis¬ 
sions, which received new starts in the 
Fiscal Year 1990 budget. 

Five key computer programs are 
being assembled for the uplink stable: 
SEQPLAN, POINTER, SEQGEN, 
SEQTRAN, and ADAPT. The middle 
three programs are staples in the 
uplink inventory and are being rede¬ 
signed and coded to satisfy multimis¬ 
sion/reusable objectives. POINTER 
is used to help design remote sensing 
observations - its Voyager cousin was 
an important factor in the August 1989 
flyby of Neptune - and SEQGEN and 
SEQTRAN are employed in the proc¬ 
ess of generating sequences that are 
intelligible to a spacecraft’s onboard 


computer. The SEQGEN program 
also checks to see that no mission 
rules are violated by the sequence. 

The new program, SEQPLAN, is a 
highly interactive program which 
takes advantage of advances in com¬ 
puter science and workstation tech¬ 
nology to assist members of the flight 
team in scheduling spacecraft events 
(SEQPLAN and POINTER are utilized 
prior to SEQGEN: first design and 
schedule the events, then translate 
them into a format that appeals to a 
computer). ADAPT cuts to the heart 
of SFOC’s multimission focus. As its 
name indicates, it is the piece of soft¬ 
ware which enables a flight project, 
such as Mars Observer, CRAF, or 
Cassini, to adapt or customize the 
core multimission programs to spe¬ 
cific flight project needs. 

One can see a second theme 
emerging in the case of the uplink 
software. The first is reusability/mul- 
timissionality. (And, although it has 
not been discussed here, the reusabiF 
ity theme includes the concept of 
“portability”: the ability to run com¬ 
puter programs on a wide variety of 
systems, with little or no translation of 
code to accommodate the varying 
environments.) The second and older 
theme is using software to build soft¬ 
ware. It has already been pointed out 
that sequences are software built by 
MSS software. Now, the ADAPT pro¬ 
gram is about to extend this style of 
automation to a new domain. 

Later this year, the Mars Observer 
project will receive the SFOC core 
programs from Dennis Page, Robert 
Wilson, and their talented staff which 
has worked so hard to bring these 
innovative uplink tools to space flight 
operations. 


Keck Telescope Mirrors 


There Is a fascination with world records: the largest, the fastest, the old¬ 
est, etc. Witness the popularity of the Guinness Book of World Records. 
Recently, It was announced that a new record for the most distant astro¬ 
nomical object had been established: a quasar Imaged at Caltech’s Palo- 
mar Observatory, using the 5m Hale telescope (see the paper by D.P. 
Schneider et at. In the December 1989 Issue of the Astronomical Journal ). 
Due to the finite speed of light, seeing deeply Into the universe also pos¬ 
sesses the attraction of seeing backward in time and gaining an archaeo¬ 
logical perspective on cosmic processes. Or, as Schneider and hi3 coau¬ 
thors express It, “This paper describes the observations and properties of 
this new hlgh-redshlft quasar and discusses its importance as a probe of 
the conditions present in the early universe.” 


The Hale Telescope has remained 
in the front rank of astronomical instru¬ 
ments for over 40 years, a surprising 
length of time considering the general 
pace of scientific technology. The 
making of this great telescope was a 
drawn-out and well publicized proce¬ 
dure, and so, the 5m-telescope seems 
to have been with us even longer. For 


example, the (unfinished) glass disk 
was moved from the Corning Glass 
Works in New York state to California 
in 1936, twelve years before the dedi¬ 
cation of the observatory. David O. 
Woodbury’s The Glass Giant of Palo- 
mar, Dodd, Mead, 1941, is a classic of 
scientific reporting. An equally classi¬ 
cal celebration of the Palomar facility 


is represented in the series of draw¬ 
ings by Russell W. Porter. Widely 
published and appreciated for their 
beauty as well as the information that 
they convey, Porter’s drawings still 
hang in the halls of the Robinson Labo¬ 
ratory of Astrophysics on the Caltech 
campus in Pasadena. (Caltech - the 
California Institute of Technology - is 
the parent organization of JPL; the 
latter is located about seven miles 
northwest of the campus.) 

Vannevar Bush (1890-1974), a 
pioneer in analog computation and a 
statesman of science, would not have 
been surprised at the long reign of the 
Hale telescope. At its dedication he 
predicted, “The occasion for which we 
are met today will probably remain 
unique for many years to come - we 
should not expect for a long time in¬ 
deed to see the equal of the great in- 
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strument dedicated today." Now, 
however, a great wave of telescope 
building has been producing some fine 
new instruments, with, in particular, 
NASA’s Hubble Space Telescope 
scheduled for launch in March of this 
year. On Earth, the lOm-Keck tele¬ 
scope on Mauna Kea in Hawaii will 
begin its program of scientific obser¬ 
vations early in the 1990s. 

Bill Irace is the Project Engineer for 
the Keck telescope, an undertaking of 
the California Association for Re¬ 
search in Astronomy (CARA) which is 
a joint endeavour between Caltech 
and the University of California at 
Berkeley, and he visited my office 
recently on a trip from the observatory 
site in Hawaii. The following notes 
briefly summarize the current status 
of the project, based on our conversa¬ 
tion, and constitute an update of a 
report in the February 1988 “Space at 
JPL”. 

Gerald M. Smith, Project Manager 
for the Keck telescope and former 
Project Manager of the Infrared Astro¬ 
nomical Satellite (IRAS), and his col¬ 
leagues have made notable progress 
in the last two years. The most chal¬ 
lenging task is shaping and controlling 
the 36 hexagonal mirrors which com¬ 
prise the primary mirror of the tele¬ 
scope. Mirror makers have had a 
wealth of experience in shaping con¬ 
ventional mirrors, frequently to a par¬ 
aboloidal form, in order to focus the 
incoming rays of light into an image. 
However, the mosaic of mirrors in the 
Keck primary requires six different 
kinds of mirror figures, each a seg¬ 
ment of the parent, which is a hyper¬ 
boloid, and consequently new meth¬ 
ods of production were required. 
Conventional methods of making 
these segments would have been very 
lengthy and very expensive. 

A unique method was devised by 
the Project Scientist, Dr. Jerry Nelson 
of the University of California. Called 
stress polishing, forces are applied to 
the perimeter of a mirror segment in 
such a way that the segment’s surface 
can be polished into a simple spheri¬ 
cal surface, and, when the forces are 
released, the mirror relaxes into very 
nearly the desired shape. Itek Optical 
Systems in Lexington, Massachu¬ 
setts has been producing mirror seg¬ 
ments for the mosaic and recently has 
been joined by Tinsley Laboratory in 
Richmond, California in this task. 
Some thought had been given to pro¬ 
ducing the final surface, after cutting 
each segment into a hexagon, by a 
stage of computer-guided polishing. 
But it has proved more effective to add 
warping harnesses behind each seg¬ 
ment, pulling it into its final shape. This 
solution will produce good surfaces for 
the mirror segments, but an ion-pol¬ 
ishing facility of the Eastman Kodak 



drama occurred in 1862 when early 
testing of an 18-inch lens by optical 
wizard Alvan Clark yielded the discov¬ 
ery of a faint companion to Sirius, the 
brightest star in the sky). But when is 
first light deemed to take place in a 
continually growing mosaic? A clever 
answer has been devised: when nine 
segments are in the mosaic, making 
the aperture of the Keck telescope 
approximately equal to that of the Hale 
telescope. This event should take 
place in the second half of 1990. The 
following year, 1991, will see installa¬ 
tion and integration of several instru¬ 
ments, which feed upon the image 
created by the optical system. The 
Keck telescope should begin its ca¬ 
reer as the world’s largest optical tele¬ 
scope in 1992. 

Six spare mirror segments will be 
completed, one for each type of figure. 
The dome of the lOm-Keck telescope on Mauna The spares also allow a policy of COn- 

Kea in Hawaii is viewed from the approach^*! tinuous a | umin j zation 0 f the primary’s 

surface, exchanging less reflective 
Company is being investigated to . segments for freshly aluminized, ones, 
determine whether it can be used to Clustered with other large telescopes 
remove very small amounts of mate- atop the extinct volcano of Mauna Kea at 
rial in the quest for the “ultimate sur- an elevation of 4200m, the Keck tele- 
face". scope will enjoy the bounty of a reduced 

Four or five segments will be in- air mass between its optical system and 

stalled in the telescope structure in astronomical objects. The high-altitude 

April or May this year. One of these environment is tolerable for humans but 

mirrors will be utilized to test pointing does re ^ uire adaptive behaviour. For ex¬ 
capabilities for the telescope, while am P a - a s P ac,al ***»*» pressunz- 

the remainder will be devoted to ac- ‘ he exhale c V cle du ""9 breathing is 

tive-mirror-control system testing. effective "creasing the oxygen con- 

Th. »-..tort refers ,o fhe fee. that, £ 

m „°P erat ' on ®’ ® ach r ™ r T 1 or . segment breath, and rising up too quickly from a 

will be individually controlled by com- sto0(Ang induces djzzjness 

puter to furnish a continually optimal The humans, of course, are quite 

primary surface under the stress of happy to put up with minor discomforts in 
perturbing forces. the course of providing the means to in- 

“First light” is the most dramatic vestigate quasars and other inhabitants 

event in the life of a telescope. (Double of the deep ocean of space. 

The mirror-support structure of the lOm-Keck telescope is being surveyed for conformance to speci¬ 
fications. Peter Doms 
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A Pioneer of Rocketry 


- Sir William Congreve’s Portrait Acquired 

The Society is honoured to announce that it has recently 
purchased, through the generosity of one of its members, 
the portrait in oils of Sir William Congreve, which for a 
number of years has hung in its Reception Room. Sir Wil¬ 
liam, among a host of attainments, made a significant con¬ 
tribution to the advancement of rocketry in the 19th century. 
The portrait was painted in about 1807 and the artist was 
most probably James Lonsdale (1777-1839) who exhibited 
a portrait, believed to be this one, at the Royal Academy in 
1812 with the title of Colonel Congreve, Equerry to H.R.H. 
the Prince Regent. 

Prior to its acquisition the painting had been on long-term 
loan to the Society and it is gratifying that it is now part of the 
Society’s Archival Collection. 

The work of William Congreve is featured in the Space 
Gallery at the London Science Museum as previously re¬ 
ported in Spaceflight (Vol.22, p.80, 1980) shortly after the 
picture was loaned to the Society. The value of his work is 
supported by the fact that two Society Fellows, independ¬ 
ently, are working on books about his life and times. 


The portrait of Sir William Congreve now owned by the Soaety. 




Born at Marylebone, Middlesex, on May 20th, 1772, 
William Congreve, the future Second Baronet of Walton, 
was the son of a distinguished British Officer, Lieutenant- 
General William Congreve who, in 1780, become Comptrol¬ 
ler of the Royal Arsenal at Woolwich. 

Having been reared at the Royal Arsenal, Congreve had 
become familiar with both signal rockets and war rockets, 
particularly the latter, which had been used by the Indians 
for centuries. Soldiers returning from India brought speci¬ 
mens to the Arsenal. Undoubtedly, these crude weapons 
appealed to the inventive and inquisitive mind of Congreve 
who saw in them a new weapon for use against the growing 
threat from France. 

With the threat of the invasion of England by Napoleon 
becoming serious, Congreve convinced the Government 
that the rocket was a weapon that might well counter the 
threat. His rocket could be fired from a very light-weight tube 
or tripod, easily carried by one man. Furthermore, this 
launcher produced no recoil and was ideal for use aboard 
small barges and boats. 

As a result of Congreve’s demonstration and salesman¬ 
ship, the facilities of the Royal Arsenal were placed at his 
disposal for the development of war rockets for use by land 
and sea. Their use is well known in two attacks against 
Copenhagen, which was half-destroyed by fire in 1806, 
largely through Congreve rockets. 

Congreve published his first manual on his rocket and its 
ancillary equipment in 1807 with the interesting title “A 
Concise Account of the Origin and Progress of the Rocket 
System''. Much to his credit and to the advancement of 
rocket technology, Congreve innovated the concept of field¬ 
ing a new weapon by considering it as a system. He gave as 
much attention to the launcher and its means of transporta¬ 
tion as to the rocket. In 1827, a year before his death, he 
published an expanded version of his manual as “A Trea¬ 
tise on the General Principles, Powers and Facility of Appli¬ 
cation of the Congreve Rocket System, as Compared with 
Artillery. Again, he stressed the systems engineering 
features of his weapon. 

Congreve established a rocket factory of his own in Bow 
which manufactured weapons for sale. In addition to his war 
rockets, he produced an illumination rocket, the payload of 
which descended by parachute. 

He developed the gunpowder rocket to its ultimate state 
within the resources and knowledge available to him, yet he 
failed to solve a problem with which he had long been in¬ 
volved; namely directional stability or, in modern parlance, 
guidance and control. 

Display Certificates 

Pleasing well-designed Membership and Fellowship Cer¬ 
tificates, suitable for framing and display, are available from 
the Society at £5 each, post free, to support our Extension 
fund-raising plans. They are printed in two colours to A4 size 
and incorporate the Society’s official Seal based on our 
“rocket and stars” logo. 

All certificates will show the original dates of election and 
bear the signatures of the President and Executive Secre¬ 
tary. 

A slight delay in delivery will be normal as Certificates 
are engraved by hand and processed in batches. 

Membership Renewals 

Our thanks are extended to the many members who have 
already renewed membership for 1990. Renewal forms, 
which were sent to all members together with their 1990 
membership cards, should be returned as soon as possible 
unless arrangements have been made for payment by di¬ 
rect debit. 
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British Solid Propellant Rocketry Meeting 



The original Falstaff vehicle on launcher prior to its first flight at Woomera 

The 4th Symposium organised by the Society’s History 
Committee was on the subject of British Solid Propel¬ 
lant Rocketry. It was held at HQ on 27th September 1989 
with Dr John Becklake (Science Museum) opening the 
meeting by delivering his paper on ‘Congreve’. 

Those who know of Sir William Congreve only as a Rocket 
Man are missing out on a most interesting and varied entre¬ 
preneur. His lists of interests, inventions and patents seem 
endless. They include fire alarm/water sprinkler systems, 
multicolour printing, rolling ball clocks and canal lock sys¬ 
tems, to name but a few. Born of a wealthy family, Congreve 
studied Law at Trinity, Cambridge, only to begin a career in 
newspapers which involved him in numerous libel suits. In 
the field of rocketry his range of projectiles weighed up to 
300 lb with an 8m stabiliser stick on the largest. When 
coupled with Henry Shrapnel's warheads, the effects must 
have been devastating. His varied career eventually gained 
him military honours, Bavarian not British. 

Two papers followed on the subject of propellants, Eric 
Baker giving the first on Double Base Propellants. After 
outlining the broad characteristics of this class of smoke¬ 
less propellants, a short history of nitrocellulose and nitro¬ 
glycerine was given which led into today’s use of Compos¬ 
ite Modified Double Base propellants. The early use of 
extruded charges was highlighted agains* more modern 
casting techniques. Dave Catton followed with a paper en¬ 
titled ‘Composite Propellants'. This class of propellants, 
both rubber and plastic, gave a far wider range of burning 
rate and, in the case of rubbers, better rheological proper¬ 
ties, though they have the disadvantage of being smokey 
due to alumina and hydrogen chloride as exhaust products. 
It was noted that aluminium in the propellant does little to 
improve the specific impulse but much to increase the 
density, and thus the charge mass, in a given volume. A 
short history of plastic propellant, something uniquely Brit¬ 
ish, brought out the processes by which the polyisopro¬ 
pylene or, more commonly, polyisobutylene binder was 
mixed with the oxidant and burning rate modifiers (pixie 
dust). 

Loading and pressing are carried out in a unique way for 
plastic propellant. Loading of warmed, deserated propel¬ 
lant is through a pugmill into the motor case, which is under 
vacuum. The propellant is pressed and consolidated by the 
passage of a charge former, which may be quite short, along 
a guide rod running the length of the motor case. All today’s 
large solid propellant rocket motors, e.g. SRB and Titan, 
employ rubber composite propellants which are cast into 
the motor case. They are, however, none too friendly to the 
environment. 


Stan Green’s paper, on Early Solids, began with the 
original 2 inch and 3 inch diameter unguided projectiles - 
cordite (UPCs) prior to World War II. Strenuous efforts were 
made to develop ground-launched anti-dive bomber projec¬ 
tiles which, it was hoped, would keep the bombers high and 
thus prey to AA fire. The fact that the UPCs probably did 
more damage on subsequent impact was officially ignored. 
Later wartime developments of UPCs for ship-to-shore use 
from landing craft and for air-to-ground use from Typhoons 
against armoured vehicles were discussed. Notice was 
made of the acoustic effects on the launching crews from 
firing off salvoes both at the Home Front and from landing 
craft. Larger charges were available toward the end of the 
War while the immediate post-war years saw 5 inch UPCs 
and clustered systems flown in such vehicles as Uncle Tom. 

The afternoon session opened with a talk by Ewart White 
on the Gosling Motor. Gosling was ten inch in diameter and 
designed to enhance the boost performance of existing, 
smaller solid motors which then had to be clustered, up to 
12 in number, for the larger anti-aircraft missiles being con¬ 
sidered. These AA missiles, through various versions, 
became Bloodhound, Sea Slug and Thunderbird. The first 
Goslings were fitted with loose-fitting extruded double base 
charges and suffered from low loading density. Later ver¬ 
sions employed case-bonded plastic propellant, which 
much improved the loading density. 

Gosling also filled a role in research by providing the sole 
power source for many of the test vehicles flown from 
Aberporth for RAE Supersonics Department, RSRE and the 


Society’s Coat of Arms 
Embroidered Badge 



A unique six-coloured hand embroidered badge 
featuring the Society’s Coat of Arms (actual size 
shown), bearing the Society’s motto “From 
Imagination to Reality”. 

Priced at £8.00 (US$14) including post and packaging. 
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then AWRE (now AWE). It was also successful as an upper, 3rd 
stage in the Jaguar I and II (Jabiro I and II) hypersonic research 
vehicles for RAE Supersonic Department, launched from Woom- 
era. 

Dr John Rolfe’s paper was on SouncSng Rocket Motors. The 
basis for the 17 inch diameter solid, plastic, propellant rocket 
motor family, which continue to support Skylark successfully, 
has its genesis in a motor called Smokey Joe. This motor, so the 
story goes, was named after its dirty exhaust, known to have 
caused at least one accident on the A41 main road past Wescott 
when fired there at . 6 site. With a propellant mass of one third of 
a tonne, Smokey Joe became the sustainer motor for Red Shoes 
(Thunderbird) and was improved to become the Albatross mo¬ 
tor which provided sustainer power for Green Flax, Yellow 
Temple and VR 725. When RAE required a solid propellant motor 
for high altitude research the ‘one tonner' designed was, effec¬ 
tively, a combination of three Smokey Joe motor tubes. Thus was 
bom Raven, the “sustainer” motor for Skylark. 

Cuckoo arose from a requirement to boost Skylark’s perform¬ 
ance. Originally, it did just that, projecting the Raven motor out 
of the launcher. Cuckoo later became the third stage of Skylark 
12 and has the distinction of having been fired in all three envi¬ 
ronments - the atmosphere, in space (in Black Knight) and un¬ 
derwater (trials purposes). 

Goldfinch, containing 310kg of plastic propellant, started life 
as a booster for a proposed anti-missile named Sprint, long 
before the US system was called thus, but which was cancelled. 
It now boosts Raven motors on Skylarks 7 and 12. 

It was added that no flight failures had occurred in over 100 
firings of both Cuckoo and Goldfinch. 

The smaller 5 inch Bantam and 7 inch Lapwing, 'cigarette 
burning” plastic propellant motors were discussed and their 
uses in the Skua and Petrel meteorological rockets highlighted. 
Petrel was still seeing service as a target vehicle. 

John Harlow then presented “The Many Guises of the Rook”. 
By way of introduction it was pointed out that much had been 
written on Skylark and its motors but there was little about the 
Rook motor. 

Rook began life as a “fast burning” Raven motor but suffered 
a penalty in not being able to contain quite as much propellant in 
a Raven sized tube. RAE Supersonics Department required a 


booster for projecting models of new aircraft designs to super¬ 
sonic speeds. The first flight occurred from Aberporth in June 
1959. After only three static firings, problems of ignition of the 
magnesium fin barrels caused by aerodynamic heating were 
solved. Two-stage Leopard vehicles were later fired, the upper 
stages being Goslings. At no time were destruct mechanisms 
fitted even though these vehicles could, if fired at the right ele¬ 
vation, reach the Irish Coast! 

Rook went on to see varied use in many vehicles, the most 
interesting being a Rook IIIA/Rook IIIB combination called 
Jabiru III, a WRE designed vehicle for hypersonic research. 
Some 70 Rook motors were fired, all successfully, in 16 differ¬ 
ent vehicle designs and 65 flights, a truly remarkable record. 

The final paper of the day was by Phil Moore, who discussed 
Stonecijat, originally known as the “3ft motor*. It was not the 
largest plastic propellant motor, in diameter terms, filled or fired 
at Westcott that honour belonged to the 4ft 6in motor, but it dkl 
have the largest propellant mass at 4.3 tonnes. The motor, 
conceived originally to extend plastic propellant technology, 
was fired nine times as a Mark I version including one short bum 
time (17s mean thrust 440 KN) and one flight trial at Woomera in 
October 1969. As Mark II, with a higher loading density, 
Stonechat was fired 16 times altogether including heavyweight 
and seven flights from Woomera from May 1975 to April 1979. 

A memorable occasion was recalled when the pre-firing NDT 
on one heavyweight firing - a bolt up rear end design - showed 
plastic propellant trapped in a bolt thread! It was decided to fire 
it anyway because it could not be safely disassembled. 

The firing duly occurred at K site and, just at burnout the said 
bolt on receiving the excessive heat from the burning propel¬ 
lant, failed, the other bolts closely following suit. Not for the first 
time, hardware was seen to travel through the first blast wall 
opening and embed itself in the sand at the base of the second. 

John Harlow, 
Royal Ordnance 

Our thanks are extended to all who participated in this one-day 
meeting at the Society's HQ and contributed to its success. 
Bryan Earl of Penzance, Cornwall writes: / thoroughly enjoyed 
the meeting on Solid Propellant Rocketry. Many thanks for all 
your efforts of organisation. 


SOVIET COSMONAUTICS: 

Questions and Answers 


An official Soviet 
publication, 
produced by the 
Novostl Press Agency 
and edited by the late 
Valentin Glushko, 
designer of the 
Energla booster 
engines. 


,/J> 


Ttf I i 


The book covers most aspects of Soviet cosmonautics. 
Including: early Soviet space flights, Soviet launch ve¬ 
hicles (Including Energla), Soviet space stations, So¬ 
viet exploration of the moon and other planets, Soviet 
cosmonauts and the future of Soviet space flight. 

Available from The British Interplanetary Society, 

27/29 South Lambeth Road, London SW8 1SZ, 
priced £2.50 (US$5.00) inclusive of surface mail delivery. 
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The February 1990 issue of the journal of the Brit¬ 
ish Interplanetary Society is now available and con¬ 
tains the following papers. 

LOGICA IN SPACE 

(PT. Il) 

The Radiation Environment for Earth-Orbiting Astro¬ 
nomical Satellites 

Stereo Vision Techniques for Telescience 
Logica in Columbus 

Scheduling for the European Data Relay Satellite 

Interfacing Experiments to the Columbus Telescience 
Test Bed 

Microgravity Experiment Design 


Copies of JBIS, priced at £12.00 ($24.00) to non¬ 
members, £4.00 ($8.00) to members, post included, 
can be obtained from the address below. Back issues 
are also available. 

The British Interplanetary Society, 27/29 South 
Lambeth Road, London SW8 1SZ, England. 
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SPACE IN THE 1990s 

Spaceflight concludes its special report on the space events we may expect to see in the 
1990s. The decade draws to a close with a surge of acitivty as the United States launches its 
Space Station Freedom. Naturally, space flight is an unpredictable business so some of 
the dates given maybe subject to change. 


1992 


■ The Soviet Shuttle will make its first manned mission. 
Igor Volk and Rimintas Stankyavichus are expected to 
crew the shuttle. A docking with Mir is probable. 

■ The third Soviet-French space mission will take place. 
Michel Tognini Is expected to be assigned to the flight. 

■ NASA’s Advanced Communications Technology Satel¬ 
lite (ACTS) will be launched by the Space Shuttle and 
Transfer Orbit Stage into a geostationary orbit. The 
satellite will test and verify advanced satellite commu¬ 
nications technologies during a two to four year pro¬ 
gramme. 

JANUARY 1992 

16 Discovery will carry the first Spacehab module into orbit. 
The privately financed module is housed in the payload 
bay and is connected to the crew compartment by a stan¬ 
dard Spacelab tunnel. It provides an additional 750 
cubic feet of pressurized workspace while still leaving 
the majority of the payload bay free for other payloads. 
The mission, designated STS-51 will also recover the 
Eureca free-flyer deployed in May 1991. 

FEBRUARY 1992 

■ The Ulysses probe uses Jupiter’s immense gravity to 
leave the plane of the ecliptic, and is placed in a high lati¬ 
tude polar orbit around the Sun. 

6 The Space Shuttle Endeavour makes its maiden flight 
canying the German D2 Spacelab. 

MARCH 1992 

5 Columbia will launch the first United States Micrograv¬ 
ity Laboratory on STS-53, a mission that could last up to 
13 days. 

APRIL 1992 

6 Atlantis will carry the ASTRO-02 and BBXRT-02 tele¬ 
scopes into orbit. 

MAY 1992 

■ The GOES-K weather satellite will be launched. 

JUNE 1992 

■ The Topex/Poseidon NASA/CNES spacecraft will be 
launched by an Ariane 4. The spacecraft will study the 
Earth’s oceans. Its work will include making detailed 
maps of currents and eddies. 

JULY 1992 

■ A collaborative project between NASA and Japan's 
ISAS, The Collaborative Solar Terrestrial Research 
(COSTR) programme Geotail Mission will be launched. 
The mission’s objective is to characterize the energy 
stored in the Earth’s geotail and mid-magnetosphere 
region. 


■ The NOAA-J polar orbiting weather satellite will be 
launched by an Atlas. 

SEPTEMBER 1992 

■ A Titan III, equipped with a Trans-Orbital Stage, will 
launch NASA’s Mars Observer towards the Red Planet 

DECEMBER 1992 

■ The Global Geospace Science (GGS) Program - wind 
mission will be launched. The satellite will study solar 
wind in the region between the Earth and the Moon 

08 Galileo will make its second flyby of the Earth, passing 
as close at 200 miles from the planet. 


1993 


■ Japan will launch its H-ll booster for the first time. 
1993: The H-ll booster blasts off. 
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■ Mobile Satellite (MSAT) will be launched to provide di¬ 
rect two-way voice and data communications for cars, 
trucks, boats and planes. 

JUNE 1993 

■ The GGS Polar Mission is due for launch. The satellite 
will attempt to characterise the energy input to the iono¬ 
sphere. 

AUGUST 1993 

28 Galileo will observe a second asteroid, Ida. 

SEPTEMBER 1993 

■ The Mars Observer will arrive in orbit around the Red 
Planet. 

DECEMBER 1993 

■ The NOAA-K weather satellite is to be launched on a 
Titan II. 

1994 


AUGUST 1994 

■ The Ulysses probe makes its first polar pass of the Sun. 

SEPTEMBER 1994 

■ The Soviet Union plans to launch its Mars '94 missions 
the Red Planet on a Proton booster. 

1995 


FEBRUARY 1995 

■ The NASA Scatterometer (NSCAT) satellite will be 
launched. The satellite will study the interaction of the 
atmosphere with the ocean. 

■ The NOAA-L weather satellite is to be launched on a Ti¬ 
tan II. 

MARCH 1995 

■ The assembly of Space Station Freedom begins. 

■ The COSTR programme Solar and Heliospheric Obser¬ 
vatory (SOHO) mission will be launched by an Atlas-ll 
type vehicle. The mission will perform remote measure¬ 
ments of the Sun and in situ measurements of the solar 
wind to characterize the structure of the solar interior 
and the dynamics of coronal plasma. A collaborative 
mission between NASA and ESA. 

JUNE 1995 

■ The Ulysses probe makes its second polar pass of the 
Sun. 

JULY 1995 

■ As it approaches Jupiter, Galileo will release its atmos¬ 
phere entry probe. 

AUGUST 1995 

22 The Comet Rendezvous Asteroid Flyby (CRAF) will be 
launched by an expendable Titan IV/Centaur launch 
vehicle. The probe will rendezvous with Comet Kopff on 
August 14, 2000. (See Spaceflight, June 1989, p.195- 
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NASA/JPL 

201 for further details.) 


SEPTEMBER 1995 

■ The Ulysses mission comes to an end. 

DECEMBER 1995 

■ The COSTR programme Cluster mission will be 
launched by Ariane. Cluster consists of four identically 
instrumented, spin-stabilised spacecraft built by ESA 
with a full range of ESA/NASA plasma physics fields and 
particles instrumentation. 

07 The Galileo probe will arrive at Jupiter, making obser¬ 
vations of the moon lo before entering orbit around the 
planet. 


1996 


■ Advanced X-ray Astrophysics Facility (AXAF) will be 
launched aboard the Space Shuttle. The telescope will 
provide at least a 100 fold increase over its predecessor 
the HEAO-2, launched in November 1978. 

■ Hermes will make atmospheric test flights. The 
spaceplane will be released from an Airbus and glide to 
a landing. 

■ NASA will launch its first Earth Observing System (EOS) 
platform on a Titan IV booster. 

JANUARY 1996 

■ NASA will launch the GOES-L weather satellite. 
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APRIL 1996 

■ The US laboratory module for Space Station Freedom 
will be launched. 

■ The Cassini probe to Saturn will be launched by a Titan 
IV/Centaur booster. The spacecraft carries an ESA built 
descent probe which will enter the atmosphere of Sat¬ 
urn’s moon Titan. 

JUNE 1996 

■ A pressurised logistics module will be attached to the 
growing US space station. 

JULY 1996 

■ CRAF makes a manoeuvre to place it on course for an 
Earth fly-by. 

■ The NOAA-M weather satellite will be launched on a Ti¬ 
tan II. 


NOVEMBER 1996 

■ The US habitation module for Freedom will be launched 
by the Space Shuttle. 



FEBRUARY 1997 

■ The Cassini probe makes a deep space manoeuvre to 
place it on course for an asteroid fly-by. 


MARCH 1997 

■ The Cassini probe will make a fly-by of asteroid 66 Maja, 
which has a radius of approximately 30 km. 

JULY 1997 

■ The Space Shuttle brings four crew to Space Station 
Freedom. The station has now reached the Permanent 
Manned Capability stage. 

■ CRAF makes a gravity assist fly-by of the Earth enroute 
for a rendezvous with Comet Kopff 



AUGUST 1999' Space Station Freedom reaches the Initial Operating 
Capacity stage NASA 


from Kourou atop an Ariane 5 on its first unmanned test 
flight. 

■ NASA will launch its second EOS platform. 

JANUARY 1998 

■ CRAF will fly-by asteroid 499 Hamburga at a speed of 
17 km/s at closest approach. 

■ The Cassini probe will make its second deep space 
manoeuvre. 

FEBRUARY 1998 

■ The Japanese Experiment Module (JEM) will be at¬ 
tached to Freedom. 

APRIL 1998 

■ The CRAF probe will make a manoeuvre to place it on 
course for its rendezvous with Comet Kopff on August 
14, 2000. 


DECEMBER 1997 

■ GOES-M will be launched into geostationary orbit. 



■ The European Hermes spaceplane is due to blast off 


1999. The European Hermes makes its first manned mission. 

Aarasnatialn 



MAY 1998 

■ NASA’s Solar Probe will be launched by a Titan-IV/ 
Centaur onto orbit around the Sun. 

JUNE 1998 

■ The Cassini probe will make a gravity assist fly-by of the 
Earth. The probe will make a fly-by of Jupiter in Febru¬ 
ary 2000 and will arrive at Saturn in October 2002. 

JULY 1998 

■ The European Space Agency’s Columbus attached 
module will be launched to the Freedom space station. 

1999 

■ Hermes is scheduled to make two manned space flights. 

AUGUST 1999 

■ After 29 assembly missions, the Freedom Space Sta¬ 
tion achieves Initial Operating Capability 
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GLASNOST 

IN ACTION 


In out February 1989 issue, Spaceflight welcomed the arrival of Glasnost. In this issue we are 
able to present ‘Glasnost in Action’ - a series of exclusive reports compiled through interviews 
with Soviet cosmonauts and space officials: 

2 SOVIET UNION WAS FAR BEHIND IN 1960s MOON 
RACE 

4 THE SOVIET SHUTTLE STORY 

7 SOVIETS PLAN TO ‘SCUTTLE’ SALYUT-7 

8 SOVIETS OUTLINE MANNED MISSIONS FOR 1990 

9 KVANT-2 DOCKS WITH MIR 


INTERNATIONAL SPACE REPORT 

This month's comprehensive report of world space news. 

THE NEXT 40 YEARS IN SPACE 

Dr Thomas O. Paine reviews the prospects for the next 40 years in space. 

BRITONS SET FOR SPACE 

The Juno Mission has selected Timothy Mace and Helen Sharman to train for the 1991 
Anglo-Soviet space flight 

SPACE IN THE 1990S 

This month is the first in the new decade. Spaceflight looks forward to the many 
spectacular space events in the 1990s. 

SOCIETY NEWS 
SATELLITE DIGEST 

Spaceflight’s regular look at satellite launches around the world. 

STS-33 MISSION REPORT 

The Space Shuttle Discovery blasted off into the Florida night sky on November 22 on 
a classified military mission. Spaceflight has the details. 

BOOK NOTICES 


FRONT COVER: The two final British astronauts, Helen Sharman (left) and Timothy Mace (right). 

Granard Rowland 
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Soviet Union Was Far 
Behind in 1960’s Moon Race 

Face-Saving Lunar Fly-By Mission Cancelled at Last Minute 
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The USSR was never in a position 
to land a man on the Moon, accord¬ 
ing to cosmonauts at the annual 
congress of the Association of 
Space Explorers (ASE), held in 
Riyadh, Saudi Arabia. Develop¬ 
ment of a Soviet lunar landing 
vehicle was years behind its US 
equivalent. Instead, the Soviet 
Union was planning to fly men 
around the Moon, before the 
United States. Cosmonauts ad¬ 
mitted that the mission was an 
attempt to chalk up another Soviet 
space ‘first’ and to steal some of 
the Apollo programme’s thunder. 
However, the lunar fly-by mission 
was cancelled when Apollo 8 be¬ 
came the first manned spacecraft 
to reach the Moon in December 
1968. At the same time the Soviets 
were just months away from 
launching their own mission. 
However a series of aborts and 
finally a rocket failure prevented 
the manned flight from going 
ahead and the project was can¬ 
celled. 

It was always believed thatthe So¬ 
viet Union was planning a manned 
lunar landing but lacked the booster to 
launch its hardware. Twenty years 
after the United States placed a man 
on the Moon came the first official 
admissions of a Soviet manned lunar 
programme. The details were sketchy 
and concentrated on the giant N-1 
booster. Spaceflight has obtained a 
clearer picture of the Soviet Moon pro¬ 
gramme through interviews with two 
cosmonauts involved in the project. 
We spoke with Georgi Grechko and 
Oleg Makarov. 

The Soviet Union originally planned ■ 
a lunar landing mission but as Georgi 
Grechko explained: “It was just a 
dream.” 

According to Oleg Makarov, the 
Soviet lunar lander had been designed 
and mock-ups built but a working ver¬ 
sion was never constructed. Soviet 
space officials realised the develop¬ 
ment of the US lunar module was far in 
advance of their own craft and can¬ 
celled their plans for a manned land¬ 
ing on the Moon. Soviet attentions 
turned to putting the first man around 
the Moon, a mission that would be 
considered a major achievement, al¬ 
though second to actually landing a 



Soviet Moon men: Georgi Grechko (left) and Oleg Makarov. 


An Exclusive Spaceflight Report 
By Steven Young 

From Riyadh, Saudi Arabia 

man on the lunar surface. 

Oleg Makarov confirmed the 
names of five cosmonauts training for 
the lunar fly-by mission: Alexei Le¬ 
onov, Nikolai Rukavishnikov, Valeri 


Bykovsky, Oleg Makarov and Vitaliy 
Sevestyanov. He said there were oth¬ 
ers but he could not remember their 
names. According to Makarov, the 
cosmonauts were involved in the pro¬ 
gramme for one and a half years be¬ 
fore it was cancelled. 

Makarov confirmed what Western 
analysts have assumed for many 
years. "We were supposed to fly a 
modification of a Soyuz spacecraft,” 
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he told Spaceflight. “The launcher 
was the then new Proton." The later 
Zond missions were dress rehearsal 
sfor the manned flight around the 
Moon, he explained. 

In September 1968, Zond 5 became 
the first spacecraft to travel around 
the Moon and return to the Earth for 
recovery. During Zond 5’s flight a tape 
recorded voice was transmitted from 
the capsule to test the communica¬ 
tions system. Tortoises and other 
creatures were carried aboard the 
craft. Zond 6 was launched on Novem¬ 
ber 10, 1968, it also travelled behind 
the Moon, returned to Earth and was 
recovered within the USSR seven 
days after blast-off. 

The next opportunity for a Soviet 
circumlunar flight was in early Decem- 


“Then the moment came 
when the big bosses got 
frightened they would 
kill people and they 
cancelled the project.” 

- Oleg Makarov 


ber 1968. The US lunar launch window 
opened later, giving the Soviets the 
first shot at the Moon. But no launch 
occurred. 

Why was the manned lunar pro¬ 
gramme cancelled? “It was aborted 
once and then twice,” Makarov said. 
“[After Zond 6 (he could not provide a 
precise date - Ed.)] there was an acci¬ 
dent with the Proton and it took several 
months to work out what had hap¬ 
pened and why. Of course, after an 
accident you have to conduct several 
successful unmanned flights. Then 
the moment came when the big bosses 
got frightened they would kill people 
and they cancelled the project.” ■ 

A Soviet official told Spaceflight 
that Alexei Leonov was “spitting fire” 
after the Proton failure. However 
.Leonov himself strongly denied that 
a Soviet lunar programme existed. 
“There was never a Soviet programme 
to land a man on the Moon or fly around 
it!” he said. 

While Leonov denied all, Makarov 
outlined the planned lunar flyby mis¬ 
sion. The Proton booster would be 
launched from Baikonur. The Zond 
capsule would make approximately 
half an orbit before reaching the cor¬ 
rect inclination for injection to the 
Moon. The Proton fourth stage would 
boost the spacecraft out of Earth or¬ 
bit. At least one mid-course correction 
would have been made to place the 
capsule on a free-return trajectory. 
The Zond would loop behind the Moon 
and return to the Earth. “Even a Moon 


orbit was out of our capability,” Maka¬ 
rov said. 

The scientific programme would 
involve detailed photography of the 
lunar surface and experiments to de¬ 
termine if the Moon had a weak atmos¬ 
phere. 

The Apollo 8 Decision 

It seems the Central Intelligence 
Agency in the United States was 
aware how close the Soviet Union was 
to making a lunar flyby mission. Sev¬ 
eral reports have indicated that the de¬ 
cision to fly the second manned Apollo 
around the Moon was influenced by 
intelligence reports. 

In August 1968 NASA rearranged 
its schedule and made Apollo 8 a lunar 
orbit mission. The step was a risky 
one. The first manned Apollo flight was 
still awaited and the Saturn V launch 
vehicle had not performed well on the 
unmanned Apollo 6 test. The Saturn V 
suffered severe vibration, known as 
‘pogo’, which almost caused an abort. 
Then, shortly after the second stage 
ignited, two of its five J-2 engines shut 
down. The remaining three engines 
had to fire for longer to compensate. 
The second stage failed to reach the 
desired altitude and velocity because 
of the engine failures so the third stage 
also had to burn longer than planned. 

Despite these problems the US 
went ahead with the first manned 
Saturn V launch, Apollo 8. The mission 
was a success, the gamble paid off. 
The spacecraft was launched on De¬ 
cember 21. Three days later Apollo 8 
became the first manned spacecraft to 
enter lunar orbit. 

Georgi Grechko admitted the 
American success was a primary fac¬ 
tor in the decision to cancel the Soviet 
manned lunar programme. “There 
was no point for us to go around the 
Moon after the Americans got there 
first,” he told Spaceflight. 

The N-1 Booster 

Development of the lunar launch 
vehicle, the N-1 booster, was already 
underway when the landing portion of 
the programme was cancelled. The 
Soviet Union was keen to obtain a 
heavy lift launch vehicle so this portion 
of the programme continued. “We 
wanted a rival to the Saturn V,” Maka¬ 
rov told Spaceflight. As recent Soviet 
press reports have revealed, the N-1 
booster was launched four times with¬ 
out success. The N-1 booster pro¬ 
gramme was finally cancelled in 1974. 
The design was abandoned and work 
began on a new heavy lift launch ve¬ 
hicle - Valentin Glushko’s Energia. 

Cosmonaut Georgi Grechko told 
Spaceflight that Charles Vick’s inter¬ 
pretation of the N-1, which appeared 
in JBIS January 1985 was a good rep¬ 
resentation of the launch vehicle. 


The N-1 Booster 

By Charles P. Vick 
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The Soviet Shuttle Story 


At last November’s meeting of the 
Association of Space Explorers in 
Saudi Arabia, Igor Volk, head of the 
Soviet Shuttle pilot corps, spoke to 
Spaceflight about the development 
of Buran and its future within the 
Soviet space programme. In addi¬ 
tion Or Gleb E. Lozlno-Lozlnsky 
gave details of the development of 
Buran and its predecessors In a 
revealing lecture at last year’s IAF 
Congress in Spain. 

Igor Volk 

Igor Volk was born on April 12, 1937. 
He made his first flight on April 22, 1949. 
After completing flying school, he served 
for seven years in the anti-aircraft forces 
in Baku, Azerbaidjan. He was discharged 
in 1962. 

In 1963 he went to the Moscow Avia¬ 
tion Institute and also joined the Flight 
Testing Institute to train as a fighter pilot. 
The first manned flights of the Vostok 
spacecraft were taking place. At that time 
the cosmonauts trained at the same base 
as Volk so he was able to meet them. He 
recalled being envious of the pilots but 
said he had no intention of becoming a 
cosmonaut himself because his work as 
a test pilot was just as interesting. 

Experiments on the Tu-104, a flying 
laboratory aircraft, gave Volk his first 
taste of weightlessness, albeit briefly. 
But still he had no plans to fly into space. 
Instead his activities included flights in 
which attempts were made to achieve a 
speed of approximately 2,500 km per 
hour in a MiG-21. 



The first Buran shuttle blasts off from Baikonur 
in November 1988. Glavkosmos 


By Neville Kidger 


Pro|ect “50-50” 

In 1962 the Mikoyan Design Bureau 
began studies of an aerospace vehicle 
consisting of a hypersonic carrier aircraft 
which would have a small one-man space 
plane mounted atop it. The project was 
christened “50-50”. 


Buran makes a successful landing following its two orbit maiden flight Glavkosmos 



The hypersonic first stage was to at¬ 
tain a speed of Mach 5.5 to 6. The total 
weight of the airplane and its small 
'spaceplane would have been 140 tonnes. 
The bureau built a prototype of the 
spaceplane which was powered by a tur¬ 
bojet. The prototype was 8 metres long, 
7.4 metres wide and 3.5 metres high. The 
orbital stage has a weight of 10.3 tonnes. 

In 1965, while preparations for the 
,Voskhod-2 flight were underway, the test 
version of the “50” spaceplane was at 
Volk’s institute and he became the first 
person to fly it. 

"When I was asked what my impres¬ 
sions were I said it would take an abnor¬ 
mal person to take pleasure sitting in this 
kind of gynaecological compartment. But 
you should never say never in life,” Volk 
said. 

The prototype of the “50” was attached 
to a Tu-95 bomber and released at a 
height of 8 to 10 km. Three sub-sonic 
flights were later completed. 

However, the project was abandoned 
in 1969. The Minister of Defence, Mar¬ 
shal Grechko, said ‘We will not engage 
in nonsense”. 

Energia/Buran 

In 1974 the Soviets cancelled another 
ambitious project - the development of 
the N-1 lunar booster. 

The launcher had suffered a troubled 
history since its inception in 1960 when 
the Korolev Design Bureau began work 
on a booster which could place 40 to 50 
tonnes into orbit. The project later devel¬ 
oped into the planned lunar booster 
called the N-1. 

But there were disputes between the 
two chief designers - Korolev and 
Glushko - about the rocket engines that 
the booster would use and the fuels that 
they would employ. 

The N-1 booster, with first stage en¬ 
gines developed by the bureau of Kuznet¬ 
sov made four test launches between 
1969 and 1972 all of which were unsuc¬ 
cessful. A further flight of the rocket was 
due to be made early in 1974 but in May of 
that year Glushko replaced V. Mishin as 
the head of the Korolev Bureau. Glushko 
cancelled the N-1 project (although the 
Kuznetsov bureau continued engine de¬ 
velopment until 1976). 

Glushko’s cancellation of the N-1 was 
the start of the development of his version 
of the Soviet large booster, which would 
later become known to the world as Ener- 
gia. Ironically, Glushko chose liquid oxy¬ 
gen and liquid hydrogen propellants for 
the Energia’s first stage, a combination 
Korolev had wanted for the N-1 but 
'Glushko had argued against him. 

In 1976 it was decided to develop the 
Energia booster to launch a Soviet reus¬ 
able spacecraft and work began in 1980. 
(In comparison, the Americans decided 
in 1969 to develop a space shuttle, admit¬ 
tedly as part of a larger overall pro- 
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gramme and began the development of 
what became their shuttle in 1973). 


ing. 

“[The flight] demonstrated a twelve 
day space mission did not adversely af¬ 
fect the judgement of an experienced pi¬ 
lot and his capacity to fulfil his mission," 
Volk concluded. 


Selecting the Cosmonauts 

Volk recalled that when the Soviet 
Union decided that it would undertake a 
shuttle programme the aviation and 
space industnes were separate and dis¬ 
tinct. The space industry did not have any 
of its own test pilots. 

In 1978 Volk’s flight research institute 
was given the task of organising the 
shuttle test pilot group for the space pro¬ 
gramme. 

Of the 500 applicants for the team of 
shuttle pilots only nine qualified (see 
Spaceflight, May 1989 p.152-153. In 
that article Viktor Golovachev said that 
ten pilots were chosen and that one, O. 
Kononenko was killed in an aircrash.) 
They were later christened the “Wolf 
Pack” (Volk translates as “Wolf 1 ). 

Volk recalled that he had to train a 
group of younger men and he also had to 
pass the same medical exams as them: 
“This group had two novelties in that I was 
the first person to pass the programme 
and I was 40 years old at the time. The 
second novelty was that for the first time 
in the history of the institute the whole 
group that I was training passed.” 

According to Volk, the team under¬ 
went two years of training to become 
cosmonauts after completing the medi¬ 
cals. (This contradicts a statement from 
the Star Town information group which 
said that none of the shuttle pilots had 
enroled as cosmonauts.) 

Following their cosmonaut training, 
the Wolf Pack began learning the tech¬ 
niques of returning the Soviet shuttle 
from orbit. They started in Sukhoi 7 air¬ 
craft followed by training flights in MiG- 
25's. A flying laboratory utilising a Tu-154 
was developed. 

The pilots are able to obtain the nec¬ 
essary trajectory to simulate Buran’s 
step glide path by putting the Tu-154’s 
engines in reverse and all systems at 
maximum at an altitude of 10 km, Volk 
said. 

“We also developed trainers. These 
were developed at the same institute that 
developed the space shuttle itself,” Volk 
explained. “One trainer was for training 
piloting techniques, the other trainer was 
designed to improve and to test the equip¬ 
ment that was being used. This was the 
first such flying programme in the USSR 
that was run, initially, totally on the basis 
of training.” 

In 1984 the Buran orbiter was rolled 
out for the first time. The following year 
the cosmonauts began to use a Buran 
analogue equipped with four jet engines, 
two of which were ramjets. 


Buran Test Articles 

Much has been revealed about the 
multi-billion rouble test programme 
which paved the way for the flight of the 
Buran orbiter. 

One prime area of concern was shield¬ 
ing the orbiter’s skin during the fierce 
reentry into the atmosphere of Earth and 
descent to landing. New composite ma¬ 
terials were developed for the purpose 
and replaced aluminium and aluminium 
alloys used previously. Progressive new 
titanium, beryllium, boralumin and nio¬ 
bium alloys with higher modular charac¬ 
teristics were used, according to Soviet 
engineers. 

New methods and production tech¬ 
niques were developed to manufacture 
the tiles that would cover the orbiter. The 
orbiter’s thermal protection system on 
the wing leading edges and nose are 
manufactured from refractory carbon 
materials. 

Wind tunnels were used and a com¬ 
puter study was made of the aerodynam¬ 
ics of the orbiter. The Central Aerohydro- 
dynamics Institute named for 
Zhukovskiy was the main centre of these 
computer studies. 

To study the temperature and heat- 
transfer profiles, the Soviets developed 
a 1/8th scale model for flight tests. The 
B-4 vehicle was first launched into space 
as Cosmos 1374 in 1982. It was recov¬ 
ered in the Indian Ocean after a one-orbit 
flight which began from the Kapustin Yar 
cosmodrome. 

The next test - Cosmos 1445 - also 
lasted one orbit and was recovered from 
the Indian Ocean. The recovery was 
photographed by members of the Royal 
Australian Air Force and the pictures cir¬ 
culated worldwide. The pictures caused 
a great deal of Western speculation as to 
the purpose of the small spaceplane. 

Two further tests of B-4 were con¬ 
ducted as Cosmos 1517 (December 
1983) and Cosmos 1614 one year later. 
Both these flights ended with a recovery 
from the Black Sea. 

Another 1/8th scale model, the B-5, 
was developed to verify the overall Buran 
design. The B-5 weighed 1.4 tonnes and 
made sub-orbital flights between 1986 
and 1988. This gave designers data about 
Buran performance from Mach 16 to 
Mach 2. 

The Zhukovskiy Institute developed a 
vacuum chamber to conduct studies of 
strength in extreme temperature, an 
acoustic chamber, a static-test room and 
a set of vibration test stands were used in 
trials of the Buran’s load-bearing struc¬ 
ture and the heat-shielding. 

The first flight of the aero-Buran, 
equipped with four jet engines, was on 
November 10, 1985. On that flight Volk 
and Stankyavechus spent ten minutes 
checking out the flying characteristics of 


number of medical tests,” Volk said. “I 
had to accomplish a docking manoeuvre 
- both prior to and after medical tests - 
docking with an object which was similar 
to one we had on the ground. 

’The main purpose of this flight was I 
had to accomplish two initial flights imme¬ 
diately after landing. While my col¬ 
leagues on this flight were being taken to 
a hospital for medical tests, I was imme¬ 
diately stuck into a helicopter. This was 
done so quickly that my trousers and 
shoes were left behind. I said I was per¬ 
fectly happy to go wherever they wanted 
but I was not going to fly without my pants 
on! They were able to find my trousers but 
no shoes, so I flew shoeless in the heli¬ 
copter and then again in an aircraft. 

“In the helicopter I flew in a sitting 
position, a lying position and also stand¬ 
ing. I was in the right hand pilot’s seat. I 
flew to the city of Dzhezkazgan in the 
helicopter. While we were landing I no¬ 
ticed that the pilot was in fact keeping 
very close control over my actions, but 
that was understandable. He did not know 
me and he was not sure what was going 
to happen. 

“Then I immediately went from the 
helicopter into the TU-154 airplane and 
did a flight along the typical flight path of 
the Buran. After we had landed, while the 
airplane was still taxiing to a stop, they 
put a spacesuit on me and I had to imme¬ 
diately get into a MiG-25, with my spac¬ 
esuit on and fly to an altitude of 21 km. 
They made me land it with dead engines- 
something I was not prepared for. 

‘Because things had taken longer than 
we had expected, I was supposed to be 
flying in the daytime, but it was actually 
night before we finished. You can imag¬ 
ine the state I was in at that point, consid¬ 
ering the fact that the last two or three 
days of space flight we had not slept 
because we were preparing for the land¬ 


The Flight of Soyuz T-12 

Volk said that when a spacecraft is 
tested in space for the first time one of the 
crew members has to have space experi¬ 
ence. For this reason, he was assigned 
to the Soyuz T-12 mission with cosmo¬ 
nauts V. Dzhanibekov and S. Savitskaya. 
The 12 day flight took place in July 1984. 

“During the flight I had to undergo a 
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The (light deck o( Buran features three CRT dispays 

the unique trainer. The flight test pro¬ 
gramme was completed on April 15, 1988 
and involved other pilots including the 
late partnership of Levchenko and 
Shchukin and Air Force officers Bachu¬ 
rin and Boroday. The former is a Merited 
Test Pilot of the USSR and, according to 
analyst Rex Hall, the pair are possibly 
assigned from the Soviet Air Force to the 
“Wolf Pack”. 

When asked by Spaceflight about the 
future uses of the aero-Buran, Volk said 
that many of the trainer’s systems have 
reached their end-of-service life and a 
technical committee was to check all of 
the systems again. He pointed out that 
two Tu-154 planes could be used for train¬ 
ing purposes. 

Volk revealed in America early in 1989 
that jet engines were on the orbital ver¬ 
sion of the Buran until March-April 1988. 

During the same visit Volk revealed 
that the aero-Buran used standard air¬ 
craft instruments during their flights and 
that the orbital Buran, while having three 
TV screens for displays of trajectory, etc, 
did not have any programs designed for 
them! 

First Flight of Buran 

During the American visit, Volk said 
that the 1988 flight of Buran had been 
demanded by management to demon¬ 
strate the vehicle in competition with the 
return to flight of the US space shuttle 
system. 

Volk told Spaceflight the decision to 
launch the first Buran was political. He 
said that for him personally it “was not a 
very happy decision because they had 
too many problems left to be resolved at 
that time”. 

When pressed about the problems he 
said that the point of any test flight was to 
check the function of all the craft’s sys¬ 
tems. But during the first Buran flight, 
Volk said, not all of the systems of the 
craft were operational. In particular, he 
said that the life support system was not 
checked and the internal visual displays 
were not used. 

Volk later said that Buran was initially 


» but has no programs designed lor them! 

Neville Kidger 

to undergo two test flights in an un¬ 
manned mode. The second flight, due in 
1991, would fly a totally different profile. 
‘That being the case, there was not any 
point in doing the first flight,” he said. “We 
are now demanding that Buran be 
equipped with the necessary instrumen¬ 
tation to permit a pilot to land it in the 
manned mode if the automatic regime 
fails". 

In America, Volk had stated that there 
was never an option to fly the first mission 
of Buran with a crew, despite claims by 
some Soviet managers that the first flight 
would be manned. Volk rated the sys¬ 
tem's maturity for the first flight as near¬ 
zero. The two orbit mission was flown 
because that was the absolute duration 
for the guidance commands loaded into 
the on-board computers. There was not 
enough computer memory for a longer 
mission. 

The Buran’s computers contained just 
one pre-planned entry trajectory and one 
landing site. The orbiter had to land back 
at Baikonur, reported analyst James E. 


The aero-Buran aft fuselage features four jet engines. 


Oberg, because “its computer isn’t smart 
enough to go anywhere else.” 

Finally, despite the apparently flaw¬ 
less landing of Buran on the Baikonur 
runway, a fundamental design problem 
was uncovered in the automatic pilot and 
this was now the major concern of the 
Buran programme, Oberg revealed. 

The Future of Buran 

The 1991 flight will reportedly dock 
with the Mir Station. Volk told 
Spaceflight that although the actual 
question of docking was still open, he saw 
it as a “logical” step. 

The first manned flight is planned for 
1992 and, although Volk could not con¬ 
firm that Stankyavechus and himself 
would definitely pilot the mission he said 
that he was still leading the project and 
Stankyavechus was his partner. Current 
training was centring on navigation of the 
craft in simulators and testing the elec¬ 
tronic display system. The flight will last 
three to five days and the primary mission 
objective will be to land safely, Volk said. 

Volk declined to speculate on the 
number of flights that the Buran system 
would make per year. "My problem is to 
test fly but operational aspects are some¬ 
thing else”, he said. 

References: 

Much of the information contained in this 
report came from Spaceflights exclusive 
interview with Igor Volk. Other sources are 
listed below: 

"Cosmonaut Volk Traces History of 'Buran; 
and Test-Pilot Group”, Golovachev, V., 
Trud, January 4 1989, p.4. 

"Cosmonaut I. Volk Recalls Career as Pilot, 
Work with Reusable Spacecraft”, Nemov, 
A., Sovetskaya Rossiya, July 15 1988, p.4. 

Both articles abstracted by the Daily Snap. 

“Revelations Sur Les Origines de Bour- 
ane”, Langereux, P., Air & Cosmos, Octo¬ 
ber 25 1989, pp.36-37. 

"Volk Discusses Buran/Energiya”, Oberg, 
J., Zenit, July 1989, pp.8-10. 
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Soviets Plan to ‘Scuttle’ Salyut-7 

Space Station Endangers Populated Areas 



SALYUT 7 OUT 
OF CONTROL 


THE SALYUT-7 SPACE STATION: Out of control and a threat to populated areas on Earth 


The Soviet space station Salyut-7 
and the attached Cosmos 1686 
module is In a decaying orbit with 
no onboard fuel to deorbit It over the 
Ocean, according to cosmonaut 
Vladimir Dzhanlbekov. Various 
scenarios are being considered to 
control the station’s reentry. 

Dzhanibekov told Spaceflight un¬ 
less action is taken, Salyut-7 is ex¬ 
pected to make an uncontrolled reen¬ 
try in three to four years. The Salyut- 
7/Cosmos 1686 combination has a 
mass of about 40 tonnes and could 
threaten populated areas if left to burn 
up of its own accord. According to 
Dzhanlbekov Salyut-7/1686 is orbit¬ 
ing with one end pointing towards the 
Earth, the other towards space. This 
orientation results in the maximum air 
resistance possible. The space sta¬ 
tion is also in a slow spin (see aia- 
gram). “The trouble is there is no fuel 


on the station," he said. Soviet space 
officials are now looking at ways to 
deorbit the station over the ocean. 

“We may dock a Progress or 
manned Soyuz to the station and use 
its engines to deorbit the space sta¬ 
tion," he said. “We have just started 
discussing the different options.” 

Dzhanibekov said reports that 
Buran would retrieve the space station 
for examination on Earth were “a kind 
of fantasy. It is easy to draw a picture 
of Buran picking the station up with its 
arm and putting it in the payload bay 
but from a technical position it is very 
difficult. We would have to cut all the 
panels and find some way of fixing the 
station to Buran. It will take too much 
money. It is much easier to burn up 
Salyut-7 in the atmosphere.” 

At the British Interplanetary Soci¬ 
ety’s Soviet Space Symposiumin June 
1989, Philip Clark said he believed it 



According to Dzhanibekov the Salyut 7/Cosmos 
1686 combination is spinning in the manner illus¬ 
trated above. 

Salyut-7/Cosmos 1686 model by Phil Mills 


would prove too difficult to recover 
Salyut-7. 

The Salyut-7 space station was 
launched by a Proton booster in April 
1982. During its operational period it 
received ten Soyuz spacecraft. In 
October 1985 the 18 tonne Cosmos 
1686 module docked with the station. 
It remains attached to this date. In mid- 
1986 the station was boosted into a 
higher orbit to delay its reentry. There 
were reports cosmonauts would re¬ 
turn to the station at a later date. 


Energia 1990 Launch Cancelled 


The Soviet Union will not be launching 
an Energia in 1990, as originally 
planned, because of the lack of a suit¬ 
able payload. Energia will make its 
next flight In early 1991 carrying the 
Soviet Shuttle. 

The first Energia blasted off from 
Baikonur in May 1987 and was followed 
by the second in November 1988 carry¬ 
ing the Buran Shuttle orbiter. The deci¬ 
sion to cancel the proposed 1990 launch 
of Energia will mean a hiatus of more than 
two years between the second and third 
launch. 

When Spaceflight spoke to Mr Grig- 


orev, of the Energia Design Bureau, in 
November 1989, he said Soviet space 
officials were trying to decide on a com¬ 
bination of payloads that would use the 
Energia's full capacity. “Technically the 
rocket will be ready in 1990 but to launch 
a rocket without a full load is very expen¬ 
sive,” he said. 

The Soviets discovered it would be 
cheaper to launch their multiple payload 
individually on existing launch vehicles 
so the 1990 launch was cancelled. 

According to reports Energia will be 
limited to launching the Buran orbiter for 
the foreseeable future. The next flight of 


the Soviet Shuttle is scheduled for early 
1991. 

Meanwhile Energia development 
work is continuing. Journalists visiting 
the Baikonur Cosmodrome were able to 
see the fully stacked non-flight Energia 
on the launch pad undergoing fuelling 
tests. The vehicle will remain on the 
launch pad until April. The Soviets claim 
they have been able to increase Ener¬ 
gy's payload capacity by one tonne by 
lowering the temperature of its cryogenic 
fuels. Ironically they have created an¬ 
other tonne of payload capacity they 
cannot fill. 
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Soviets Outline Manned 
Missions 


The Soviet Union Is planning three 
Soyuz TM flights in 1990, according 
to senior cosmonauts. Their pro¬ 
gramme of research relies heavily 
on the two new modules, the first of 
which docked with the Mir orbital 
complex on December 2. 

Former cosmonaut Alexei Leonov, 
now deputy head of training at Star 
City, informed Spaceflight there 
would be three manned Soyuz TM 
flights in 1990. The first will take place 
on February 11, the second during 
July and the third in November. 

Vladimir Shatalov, head of cosmo¬ 
naut training, told Spaceflight five 
crews were training for future mis¬ 
sions. 

“The first mission is going to be 
manned by Solovyov and Balandin,” 
Shatalov said. For the next launches 
we have several crews. Which of them 
will be primary for the remaining two 
launches is hard to say.” He revealed 
some of the names of those in training 
for 1990 missions: "The space veter¬ 
ans are Solovyov, Strekalov and Sev- 
astyanov. The rookies are G.M. 
Manakov, V.M. Afanasyev and A.P. 
Artsebarsky.” 

The flight of a Japanese cosmonaut 
has been brought forward to the No¬ 
vember 1990 flight of Soyuz TM-11. 
The Japanese television journalist 
from the TSB network was previously 
scheduled to fly in 1991. Toehiro Aki- 
yama and Ryoko Kikuchi, the two can¬ 
didates for the mission began their 
training at Star City in October 1, 1989. 

The have been persistent rumours 
in the West about a Buran pilot joining 
a 1990 Soyuz TM crew to gain space 
experience. Soviet Spaceflight 
reader, Vlaldim Molchanov revealed 


Vladimir Dzhanibekov (right) speaks with Nev¬ 
ille Kidger (right) Valeriy Terekhin (centre) is 
interpretating. 


for 1990 

in last month’s Correspondence that 
Viktor Afanasyev and Vitaliy Sev- 
astyanov have been seen with Buran 
pilot Rimantas Stankyavichus during 
splashdown training. It seems likely 
these three will form the primary crew 
for Soyuz TM-10 in July 1990. Afa¬ 
nasyev and Sevastyanov will remain 
on Mir, while Balandin and Solovyov 
will return with Stankyavichus. 

Shatalov was unable to confirm the 
assignment of a Buran pilot to a 1990 
flight. He said: “I wouldn’t exclude the 
possibility. But there is no final clear 
cut decision on that matter.” 

The arrival of the new modules will 
result in an expanded scientific pro¬ 
gramme for 1990, according to Vladi¬ 
mir Dzhanibekov, head of cosmonaut 
training on engineering and technical 
matters. “We will increase our experi¬ 
ments in technology and ecology,” he 
said. “We expect to be able to grow 
large crystals [aboard the T Module] 
New medical equipment will include a 
system for computer tomography of 
the internal organs: the heart, lungs, 
stomach, the head and almost any part 
of the body.” This type of scanning 
equipment produces cross-sectional 
images of the body. It could be used to 
monitor the redistribution of body 
fluids in zero-G. 

The Soviets said the programme for 
1991 has yet to be formulated. “A lot 
of things depend on the modules,” said 
Dzhanibekov. 

The Soviets are not planning any 
long duration flights during the next 
two years. Flights during 1990 and 
1991 would last six months, Dzha¬ 
nibekov told Spaceflight Excluding 
international missions the number of 
crew will be limited to two cosmonauts 
as an economy measure. 


Cosmonaut Vladimir Dzhanibekov has rek¬ 
indled the Cosmos 1669 mystery. He told 
Spaceflight’s Soviet correspondent, Nev¬ 
ille Kidger, the Cosmos 1669 spacecraft, 
which docked with Salyut-7 in July 1985, 
was an 18 tonne module, launched on a Pro¬ 
ton booster. He said Cosmos 1669 carried 
equipment for the repair of Salyut-7. At the 
time the launch of Cosmos 1669 generated 
much interest. The Soviet press referred to 
it as a 'support satellite'. However the 
spacecraft followed a standard Progress 
flight path and it was assumed it was a Prog¬ 
ress variant. 

Soviet space analyst, Philip Clark, has 
reviewed the two-line elements for the Cos¬ 
mos 1669 launch and discovered they indi¬ 
cate a Proton launch vehicle. 

We hope to have more information next 
month. 


Recoverable 

Capsules 

Described 

Mr Grigorev, Deputy Chief Engineer 
at the Energia Design Bureau, gave 
Spaceflight a detailed description of 
new recoverable capsules that will 
be used in conjunction with the 
Progress-M craft The capsules will 
be used to return film and results of 
experiments. 

‘There are a number of Progress 
craft that will be fitted with an adaptor 
to carry the additional capsule,” Grig¬ 
orev told Spaceflight 

The capsules will be delivered in¬ 
side the Progress craft. They are cone 
shaped - Grigorev described them as 
‘miniature spacecraft’ - and have a 
diameter of 600 mm at the base. 

The payload for the capsule will 
include photographic film (which dete¬ 
riorates quickly aboard the station) 
and the results of technical or biologi¬ 
cal experiments which have a very 
short life span. 

When the Progress-M has been 
unloaded and refilled with waste ma¬ 
terials, its hatch is closed. The cosmo¬ 
nauts will then remove the cargo 
craft’s docking mechanism and install 
the capsule in its place. Mir’s hatch is 
then closed. The Progress-M undocks 
from Mir and separates from the sta¬ 
tion with the capsule attached to the 
front of the craft. 

“Ballistics experts analyse the 
most appropriate trajectory of separa¬ 
tion of the capsule from the Progress,” 
Grigorev explained. "An automatic 
command undocks the capsule at the 
appropriate moment and it begins to 
follow a very complex ballistic trajec¬ 
tory to Earth.” 

Pressure sensors release para¬ 
chutes as the capsule travels through 
the Earth’s atmosphere and bring the 
craft to a safe landing. 

What Grigorev did not make clear 
was if the capsule has a solid rocket 
motor to deorbit it or the Progress-M 
slows it down for reentry. 

Grigorev said the capsule would be 
used in 1991 at the earliest. He said the 
capsule required further developmen¬ 
tal work. 

■ Cosmonaut Vladimir Dzhanibekov said 
the retrievable capsules on the Heavy Cos¬ 
mos modules, used on the Salyut space 
statron missions, had a great deal of unre¬ 
liability. 'The problem was to find them,” he 
said. The capsules could land anywhere 
within a 100 km radius of the predicted point, 
Dzhanibekov explained. ‘The designers 
say the new capsule will be a little more per¬ 
fect than the old ones.” He added the Heavy 
Cosmos descent capsules could carry 
about half a tonne. 


Cosmonaut Rekindles Cosmos 1669 Mystery 
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Kvant-2 Docks With Mir 

Future of Soviet Space Programme Rests on New Modules 



This official diagram of Mir and its first two modules, has just gone on display at 

The first 20 tonne Mir module, launched from Baikonur on Novem¬ 
ber 26,1989, docked with the space station on its second attempt to 
December 6. A senior Soviet cosmonaut has told Spaceflight that the 
future of the Soviet manned space programme rests on the economic 
success of the new Mir modules. The Soviets are now anxiously wait¬ 
ing for the launch of the second module and a successful docking 
with Mir. 


Funds for two additional Mir mod¬ 
ules and the next generation Mir-2 
space station will be withheld unless 
the T Module can prove manned space 
flight can produce positive benefits for 
the USSR, according to the senior 
Soviet cosmonaut 

“We have been told to stop break¬ 
ing records and start doing things for 
the people on Earth,” the cosmonaut 
told Spaceflight. 

He said two more Mir modules wiil 
not be launched until 1995/96. “At 
present we do not know the necessity 
of those modules,” the cosmonaut 
admitted. 

Mir is the last of the Saiyut-class 
space stations, there is no backup, the 


cosmonaut said. It is make or break 
time for the Mir. He said funds had not 
yet been approved the next genera¬ 
tion of Soviet space stations. The fu¬ 
ture of Mir-2 depends on Mir's suc¬ 
cess. 

Kvant 2 Docks 

Kvant 2, also known as the 
Reequipment Module or Module D, 
was launched on a Proton booster 
from the Baikonur Cosmodrome on 
November 26, 1989 at 16:01 Moscow 
time. However, soon after entering 
orbit, telemetry indicated the mod¬ 
ule’s right-hand solar panel had failed 
to open fully. The first three sections j 
of the solar panel had opened but the j 


the Soviet Flight Control Centre. 

final section remained attached to the 
station. At first it was thought the two 
Mir cosmonauts would have to make 
an EVA to free the panel but engineers 
on the ground were able to deploy it by 
turning the panel on its electric motor, 
while rolling the spacecraft. The op¬ 
eration was conducted on November 
30. 

Progress-M undocked from Mir at 
12:02 Moscow Time on December 1, 
1989, leaving the forward docking port 
empty for Kvant-2. 

With the right-hand solar array 
deployed the station became easier to 
manoeuvre and all was set for a dock¬ 
ing on December 2. The Kurs docking 
system brought Kvant-2 within 19 km 
of the Mir space station when the auto¬ 
matic system aborted the operation. 
Apparently Kvant-2 was unable to 
transmit data to Mir causing Mir’s on 
board computer to overload. Accord¬ 
ing to Radio Moscow, cosmonauts 
! Aleksandr Viktorenko and Aleksandr 
| Serebrov attempted, but failed, to 
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dock with Kvant-2 manually. 

The docking attempt was resched¬ 
uled for December 6. The module 
successfully docked with Mir's for¬ 
ward port at 12:21 GMT. A senior 
Soviet space official said it was one of 
the most precise in the programme. 

On December 8 the module’s 
Ljappa robot arm. was attached to a 
special receptacle on the station’s 
transfer chamber. Kvant-2 was then 
undocked from the forward port and 
moved around to the allocated side 
hatch, where it was redocked. The 
operation took about 60 minutes. 

After the docking port was checked 
for air tightness, Viktorenko and Sere- 
brov opened the hatches and began 
the activation of the module. 


On December 12 the two cosmo¬ 
nauts entered Soyuz TM-8 and un¬ 
docked from Mir’s rear Kvant-1 port at 
11:23 Moscow time. The cosmonauts 
examined the exterior of Mir and its 
modules as they manoeuvred around 
the orbital complex. Soyuz TM-8 was 
docked with the forward port after 20 
minutes of autonomous flight. This 
leaves the Kvant-1 port ready to re¬ 
ceive Progress-M2. 

The launch of Kvant-2 had been 
delayed several times. According to 
Tass the module was scheduled for 
launch in April 1989, but delays in the 
module’s construction caused the 
launch to be postponed. The Mir space 
station was left unmanned for five 
months to save money. The launch 


was rescheduled for September, then 
delayed to October and then slipped 
again until late November. The further 
delays were caused by ‘faulty ele¬ 
ments in the Kurs system'. The system 
had to be thoroughly retested before 
the launch could go ahead (see 
Spaceflight, December 1989, 
p.403). 

The docking of the new module 
brings the mass of the orbital complex 
to 65,790 kg. With the docking of Prog- 
ress-M2 in December, the station will 
reach 72,790 kg. Following the dock¬ 
ing of the Technology Module next 
year the entire complex, Progress-M, 
Kvant-1,2 & 3, the Mir Base Block and 
Soyuz TM, will have a mass of 89,990 
kg. 


Kvant-2 Features 


The Soviets have released basic 
information about the D module, 
writes Neville Kidger. 

The module has an overall length 
of 13.73 metres with a maximum di¬ 
ameter of 4.35 metres. The internal 
volume is 59 cubic metres. 

The module has three compart¬ 
ments - instrument cargo, instrument- 
research and airlock. The airlock for 
EVAs is larger than previous ones with 
the hatch being 1 metre in diameter. 

The module features a shower. To 
date on the Mir complex, cosmonauts 
have had to use wet towels to wash 
themselves. 

As well as featuring its own ma¬ 
noeuvring engines the module con¬ 
tains gyrodynes for stabilisation. Six 
of these are mounted on the exterior 
of the module. The gyrodynes were 
first mounted on the Kvant module and 
have helped to cut fuel usage for 
manoeuvring. 

Navigation and docking guidance is 


performed by the Soyuz TM - devel¬ 
oped “Kurs” system. Also mounted on 
the exterior of the module are large 
water tanks. A feature of the module’s 
life-support system is a water electro¬ 
lytic decomposition system for sup¬ 
plying oxygen to the cosmonauts. The 
Kvant module has a similar system, 
called Electron. 

Air tanks will be used to replenish 
stocks lost during EVAs. Provision has 
been made for mounting solar panels 
on the D module. Cosmonauts will 
need to perform EVAs for this to be 
accomplished. 

The module has several scientific 
instruments mounted internally and 
externally. The main ones are: 

■ Volna-2 for the study of fluid flows 
in capillaries in microgravity condi¬ 
tions. 

■ lnkubator-2 to contain Japanese 
quails and eggs to study their devel¬ 
opment o.ver the course of 233 
days. 


■ MKF-6MA multispectral camera 
system viewing the Earth's surface 
in six spectral bands. Manufac¬ 
tured in the GDR it follows on from 
earlier versions flown on the Salyut 
stations. 

■ KAP-350 another Earth-viewing 
camera system. 

■ Epsilon, an experiment to assess 
thermal protection of the complex. 

■ Micrometeorite detection panels 
are also mounted on the exterior. 

■ Wave-2 a 250 kg system evaluating 
a new fuel tank design. 

■ ASP-G-M, a Czechoslovakian- 
made rotary platform, similar to 
those carried by the Vega probes, 
is mounted on Module D’s exterior. 
It contains the following Earth¬ 
viewing instruments; ITS7D, a 
spectrometer, ARIZ, an X-ray in¬ 
strument, MKS-Ms multispectral 
spectrometer and colour and black 
and white TV cameras which will 
relay views of Earth to scientists in 
real time. 
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Soviet MMU Set For Tests in January 


The Soviet Manned Manoeuvring Unit 
(MMU) will be used in January for the 
first time according to senior Soviet 
space officials. The MMU arrived at Mir 
on board the Reequipment module. 

Vladimir Soloyvov, Flight Manager at 
the Flight Control Centre, told 
Spaceflight the Soviet MMU, would be 
tested in January. The unit, named ‘Ic¬ 
arus’ by its designers, was carried to Mir 
aboard the Reequipment Module, which 
docked on December 6. 

Flight Engineer, Aleksandr Serebrov, 
will put on the Icarus system in the new 
airlock chamber of the Reequipment 
Module. The unit is an integral part of the 
space suit connected both ‘mechanically 
and electrically’. He will leave the airlock. 
Mission Commander, Aleksandr 
Viktorenko, will remain in or around the 
vicinity of the airlock to pull Serebrov, on 
his tether, back to safety if Icarus mal¬ 
functions. 

Mr Grigorev, Deputy Chief Engineer at 
the Energia design bureau, explained the 
initial test programme: “The first stage is 
to test the system for autonomous move¬ 


ment. This is the first system of this type, 
with a new control system and a new 
motor,” he said. ‘Then he will conduct a 
series of manoeuvres in outer space, 
moving away from the station in the limit 
of five to ten metres.” 

One of the first Icarus EVAs will in¬ 
clude an inspection of the space station’s 
exterior, Grigorev told Spaceflight. 'The 
Mir orbital complex has been in orbit 
since 1986. It has been continually ex¬ 
posed to the affects of cosmic and solar 
radiation, in addition to large swings in 
temperature. It is about time we in¬ 
spected the space station to see how its 
most sensitive parts have fared,” he ex¬ 
plained. “We will also change some trial 
samples during the space walks and 
carry out some repairs.” 

Vladimir Shatalov, Head of Cosmo¬ 
naut Training, told Spaceflight that' the 
cosmonauts would “have two EVA ses¬ 
sions for the purpose of testing the unit 
and then we will use it for practical pur¬ 
poses.” He said “each member of the 
crow will use it in turn.” 

The Icarus unit will be serviced in 



An artist's impression of the Icarus Unit in action. 

By Peter Eickmeyer 

orbit, Shatalov said. The unit runs on 
compressed air. When the supply is ex¬ 
hausted the cosmonauts simply ex¬ 
change the empty cylinder with a new one 
delivered by a Progress-M cargo craft. 


Soviets Launch Granat Observatory 








built Sigma telescope. 


The Soviet Union has launched the long 
delayed Granat observatory. The space¬ 
craft was developed In collaboration 
with France, Bulgaria and Denmark. 

The Granat spacecraft was launched 
from the Baikonur Cosmodrome atop a 
Proton launch vehicle on December 1, 
1989. The launch of the observatory was de¬ 
layed about 18 months due to problems with 
the spacecraft’s complex astronomy pay- 
load. 

Granat is based on the Soviet Union’s 
Astron series of spacecraft. It has a mass 
of about five tonnes. Its payload includes 
seven telescopes. 

Granat’s main instrument is the one 
tonne Sigma telescope, provided by the 
French space agency CNES. The tele¬ 
scope is 3.5 metres tall and has a diameter 
at its base of 1.2 metres. It will provide im¬ 
agery in the low energy gamma ray spec¬ 
trum. A second French instrument called 
Phebus - a gamma-ray burst detector - is 
also installed on Granat. 

The spacecraft was placed into a highly 
elliptical orbit by the Proton booster of 2,000 
x 200,000 km. 



The Granat spacecraft 


US Experiment Set for Launch to Mir 


A US company Is to conduct a crystal 
growth experiment aboard the Mir space 
station. This will mark the first time a US 
payload has flown on a the Mir station. 

The US payload, belonging to Payload 
Systems Inc., will be delivered to Mir aboard 
Progress-M2, scheduled for launch on 
December 20, 1989. The experiment was 
due to be activated by cosmonauts 
Viktorenko and Serebrov on December 25. 
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The experiment will be switched off on Feb¬ 
ruary 19 and returned to Earth aboard 
Soyuz TM-8 on February 24. 

Anthony Arrott, President of Payload 
Systems, stresses the project is a commer¬ 
cial undertaking, a strictly American, not 
joint, venture. The Soviets will not have 
access to the experiments results. 

Payload Systems chose to place its 
experiment on the Mir space station be¬ 


cause it requires prolonged exposure to 
weightlessness. 

The company has an agreement to fly six 
protein crystal growth experiments aboard 
the Mir space station for up to three months 
at a time dunng the next four years. The 
Cambridge, Massachusetts, based Pay- 
load Systems is the first US company to be 
granted an export license to conduct its 
experiments aboard Soviet spacecraft. 
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Columbia Set For Launch 


The crew for STS-32. The Space Shuttle Columbia was due to blast-off on December 18, 
however, as this issue of Spaceflight went to press it seemed likely the launch would be 
delayed several days because of problems with Pad A. (Left to Right) Marsha Ivins, Daniel 
Brandenstien, David Low, James Wetherbee and Bonnie Dunbar. NASA 


Solar Max Falls From Orbit 


NEWS IN BRIEF 

Iraq Claims 
Space Capability 

In an unexpected announcement, the Iraqi 
Government revealed it had tested a ’48 
tonne, 25 metre long’ three stage rocket, 
capable of placing a satellite in to low Earth 
orbit. The test was said to have taken place 
on December 5. The_ announcement came 
from Hussein Kamel Hassan, the Iraqi Min¬ 
ister of Military Industrialisation. He said 
the launch vehicle would be used to launch 
satellites for peaceful scientific research. 


Titan Delayed 

The launch of the first Commercial Titan 
was delayed due to bad weather at Cape 
Canaveral and the busy launch schedule for 
mid-December. The launch was originally 
scheduled for December 8 and was reset for 
December 20. The Titan could be further 
delayed if the launch date of the Shuttle 
Columbia slips. The Martin Marietta Titan III 
is due to launch the UK’s second Skynet IV 
military communications satellite and the 
Japanese JC-SAT 2 telecommunications 
satellite. 


More Titans 



_ 

The first Titan 4 launch 


Martin Marietta has received an order from 
the US Air Force for 18 more Titan IV ex¬ 
pendable launch vehicles. The contract is 
worth $1.6 billion. 

Galileo Venus Images Earlier 

The Galileo probe will fly-by the planet 
Venus in February and if all goes according 
to plan the spacecraft will turn its instru¬ 
ments on the planet. However, because 
Galileo’s main antenna must remain closed 
during the probe’s journey near the Sun, 
scientists will have to wait until late 1990 for 
the Venus data to be transmitted. But NASA 
has recently decided to transmit three to 
five images of the planet in the weeks follow¬ 
ing the encounter. The pictures will be 
transmitted by the spacecraft’s low-rate 
antenna and will take at least an hour to be 
relayed. 


The Solar Maximum Mission satel¬ 
lite, better known as Solar Max, 
entered the upper layers of the 
Earth’s atmosphere and broke up 
on December 2, 1989, after almost 
ten years In orbit. 

Solar Max burnt up over the Indian 
Ocean, away from populated areas. 
Any fragments of the satellite surviv¬ 
ing destructive reentry are believed to 


Medical consultations between astro¬ 
nauts In space and NASA physicians on 
Earth became a routine part of Shuttle 
missions starting with 8TS-34, last Octo¬ 
ber. NASA hopes the consultation will 
Improve the understanding and provide 
timely treatment of Initial motion sick¬ 
ness symptoms. 

A private medical communication will be 
scheduled between Shuttle crew members 
and Mission Control Flight Surgeons during 
the pre-sleep periods on the first two days 
of each flight. Additional consultations may 
be requested by either the crew or the Flight 
Surgeons. 

’The communications will assure the 
most effective treatment of space motion 
sickness symptoms during the first two 
days of flight when the condition is most 
prevalent,” said Dr Jeff Davis, chief of 


have fallen into the ocean at 3.1 de¬ 
grees north, 88.6 degrees east. 

Solar Max was launched from Cape 
Canaveral on February 14, 1980, atop 
a Delta rocket. In December 1980 the 
satellite suffered electrical problems 
which were fixed by a 1984 Shuttle 
mission. The satellite provided great 
volumes of data on the activity of the 
Sun during its decade in space. 


Johnson Space Center's Medical Opera¬ 
tions Branch. 

‘While symptoms vary from one person 
to another,” Davis said, “most cases are 
mild and constitute little more than an incon¬ 
venience to the crew member. Given the 
variation in symptoms and available treat¬ 
ments, we felt it would be useful to plan 
routine consultations for the first two days 
of each mission.” 

The consultations will be confidential 
because of the physician-patient relation¬ 
ship and US privacy laws. If a crew health 
problem is determined to affect a mission 
significantly, the Flight Surgeon will pre¬ 
pare a statement for public release which 
will address the nature, gravity and progno¬ 
sis of the situation. Information beyond that 
required to understand mission impact will 
not be released. 


In-Orbit Medical Consultations 
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NASA’s Cosmic 
Background Explorer 
Launched 

NASA’s Cosmic Background Ex¬ 
plorer (COBE) was lofted Into orbit 
by the space agency’s last expend¬ 
able Delta launch vehicle on No¬ 
vember 18, 1989. 

The COBE spacecraft was de¬ 
signed and built by NASA’s Goddard 
Space Flight Center (GSFC) in Green- 
belt, Maryland. Originally the Space 
Shuttle was scheduled to launch 
COBE into a polar orbit from the Van- 
denberg launch site. However, the 
spacecraft had to be transferred to an 
expendable Delta vehicle after the 
Vandenberg Shuttle launch site was 
mothballed. To meet the Delta’s pay- 
load capacity COBE was redesigned. 

The propulsion module was removed, 
its size was reduced and lighter mate¬ 
rials were used in the reconstruction. 

COBE is now 6 m long and 9 m in di- 


The Teal Ruby spacecraft. Rockwell International 

The US Air Force has cancelled a payload International, Teal Ruby was to have 

that was scheduled to be launched by the utilised a large infrared array to detect and 

Space Shuttle in 1990 to investigate the track aircraft from space. A small package 

feasibility of tracking aircraft from Earth of instruments provided by the Air Force 

orbit. The Teal Ruby spacecraft (AFP Space Test program (STP) has been 

888), originally intended to be carried on added to the STS-39 payload, mounted on 

the first shuttle mission from Vandenberg a Hitchhiker-type carrier, in addition to the 

Air Force Base, has been removed from AFP 675 (Cirrus la) and IBSS (Infrared 

the payload of STS-39 (set for launch by Background Signiture Survey) packages 

the orbiter Discovery on November 1 already planned for the unclassified DoD 

1990) and will be placed into storage at mission. 

Norton Air Force Base. Built by Rockwell Joel W. Powell 


ameter with its sunshade, solar arrays 
and antenna fully deployed and had a 
launch mass of 2,260 kg. 

COBE’s year long mission will try to 
answer some of the most basic ques¬ 
tions in science: What was the prime¬ 
val explosion that started the expand¬ 
ing Universe? What made it uniform on 
such a gigantic scale? What started 
the formation of galaxies? What 
caused galaxies to be arranged in 
giant Clusters? 

COBE blasted off atop a McDonnell 
Douglas Delta launch vehicle at 06:34 
on November 18, 1989. The launch 
was delayed ten minutes due to high 
winds. Lift-off occurred with 20 min¬ 
utes of the launch window remaining. 
The launch marked the last NASA 
owned Delta rocket. In the future 
NASA will have to buy launch services 
from private industry. 


NASA Space Flight 
and Space Station 
Offices Merged 

NASA has merged the Offices of Space 
Flight and Space Station into a single or¬ 
ganisation headed by Dr William Lenoir. 
The newly formed organisation will be 
called the Offices of Space Flight (OSF). 
The OSF will consist of four major sections: 
Space Shuttle, Space Station Freedom, 
Space Flight Systems and Human Re¬ 
sources and Institutions. 

Ariane Station for 
Ascension Island 

An agreement has been signed between 
ESA and the UK Government that will lead 
to the establishment of an Ariane telemetry 
station on Ascension Island in the South 
Atlantic. The station is expected to become 
operational in March. 

Shuttle Pad for 
Titan 4 Use 

The mothballed SLC-6 Shuttle launch pad 
at Vandenberg Air Force Base, California, 
is to be converted for Titan 4 launches after 
the US Congress blocked an Air Force plan 
to build an expensive new launch complex 
for the vehicle. 


Shuttle Processing Contract 

NASA has awarded a three year extension 
of the Shuttle Processing Contract (SPC) to 
Lockheed Space Operations Co., worth 
over $1.6 billion. The SPC co /ers Shuttle 
processing operations at the Kennedy 
Space Center and the maintenance of facili¬ 
ties at Vandenberg Air Force Base, Califor¬ 
nia (the Vandenberg portion of the contract 
will probably become obsolete w' h the 
decision to convert the Shuttle launch pad 
for Titan operations. Lockheed leads a 
consortium, consisting of Pan American, 
Grumman and Thiokol, which manages the 
preparation of the Space Shuttle vehicles 
for launch. 

Delta II Launch 

The fifth Navstar 2 satellite was launched 
from Cape Canaveral on December 11, 
1989 at 13:10 EST by a McDonnell Douglas 
Delta II launch vehicle. 

French to Sign Longterm 
Agreement with Soviets 

France is on the verge of signing an agree¬ 
ment on long-term cooperation between the 
Soviet Union and France in manned space 
flights. The agreement envisages a pro¬ 
gramme of Soviet-French missions to the 
Soviet Union's space stations. The first 
launch to Mir could take place as early as 
1992. 
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THE NEXT 40 YEARS IN SPACE 


The Next 


40 Years in Space 



Astronauts explore the Moon using a variety of lunar vehicles 


NAS, 


Dr Tom O. Paine, a former Admin¬ 
istrator of the National Aeronau¬ 
tics and Space Administration 
and Fellow of the British Inter¬ 
planetary Society for nearly 20 
years, presented the Opening Ad¬ 
dress of the 40th Congress of the 
International Astronautical Fed¬ 
eration in Torremolinos, Spain, in 
which he reviewed the interna¬ 
tional future of space and the need 
for an advanced Space Federation 
‘to encourage and integrate na¬ 
tional space efforts’. We are 
pleased to be able to bring readers 
the highlights of his address in 
this abridged version. 

An International Challenge 

As NASA sets its sights on Mars via 
orbiting spaceports and the Moon, 
European and Asian space agencies 
are moving toward piloted spaceflight 
and Soviet leaders are calling for in¬ 
creased cooperation in space explo¬ 
ration. With military confrontation 
among major powers declining, 
economies burgeoning around the 
world ana astronautical proficiency 
rising, the next 40 years should see a 
global surge of investment on the 
space frontier. This should spur ad¬ 
vances in international institutions, 
including the evolution of a 21st Cen¬ 
tury Space Federation to promote and 
coordinate pioneering societies be¬ 
yond Earth. 

Some may question whether now is 
the time to invest in space exploration. 
Shouldn’t we first solve our problems 
on Earth? If that had been Spain’s 
policy, Columbus would never have 
left harbour. If that had been colonial 
America’s policy, the western border 
of the United States would be an¬ 
chored in the suburbs of Boston. 
Resource-rich lands and abundant 
solar energy throughout the Inner 
Solar System challenge us to open the 
space frontier. We have the technol¬ 
ogy, resources and pioneering spirit. 
America has declared its intention, in 
partnership with other nations, to 
begin the exploration and settlement 
of the Moon and Mars. The next 40 
years will see people working and liv¬ 
ing on three worlds as expansion of life 
beyond Earth’s biosphere becomes 
technically feasible, affordable and a 
universally advocated human drive. 

Projected Missions 

The decade of the 1990s begins 
with a number of exciting missions. 
These include: the initial operation of 
the Shuttle-tended Hubble Space 
Telescope, Magellan charting Venus 


By Dr Thomas O. Paine 


from orbit, Galileo flying by Venus and 
the Earth/Moon system en route to Ju¬ 
piter, the Astro-1 Spacelab Mission, 
launch of the Federal Republic of 
Germany’s Roentgen Satellite, 
NASA’s Gamma Ray Observatory and 
the Ulysses spacecraft to fly above the 
ecliptic over the Sun's polar region. 

Orbital Observatories 

ESA’s Infrared Space Observatory 
will be launched in 1993. This will sup¬ 
plement NASA’s four great orbital ob¬ 
servatories, the Gamma Ray Obser¬ 
vatory (GRO), the Space Infrared 
Telescope Facility (SIRTF), the Ad¬ 
vanced X-Ray Astrophysics Facility 
(AXAF) and the Hubble Space Tele¬ 
scope. Together, these facilities will 
provide new information on the nature 
of the Universe across the entire elec¬ 
tromagnetic spectrum. The critical 
wavelengths between 100 and 1200 
Angstroms, which fall between X-ray 
and optical observatories, will be cov¬ 
ered by a Far Ultraviolet Spectroscopy 


Explorer. All these activities involve 
substantial international cooperation. 
In addition, NASA and Germany plan 
to fly a 2.5 to 3 metre IR telescope 
aboard a Stratospheric Observatory 
for Infrared Astroriomy (SOFIA) built 
into a Boeing 747. This airborne obser¬ 
vatory will be capable of more than a 
hundred missions a year in the mid- 
90s. Three Soviet facilities will also be 
contributing vital astronomical data 
from orbit: the Kvant Astrophysical 
Laboratory aboard Space Station Mir, 
the Gamma-1 Mission (in collabora¬ 
tion with France), and the planned 
Kvant X-Gamma Mission. 

The next 40 years will see continu¬ 
ing advances in orbital observatories, 
including astrometry (building on 
ESA’s Hipparcos and Tycho), large- 
aperture multi-mirror instruments, 
long baseline interferometry and new 
approaches to detecting planets cir¬ 
cling neighbouring stars. A major 
challenge is to create instruments 
capable of locating biospheres be¬ 
yond the Solar System by sensing the 
presence of water and excess oxygen 
on distant worlds. JPL’s Circumstellar 
Imaging Telescope (CIT), proposed 
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for launch about 1999, would repre¬ 
sent a significant step toward this 
goal, as would a 21st Century high- 
resolution infrared telescope on the 
Moon. Advances in high-sensitivity 
microwave detectors and supercom¬ 
puter signal analysis will intensify the 
search for extraterrestrial intelli¬ 
gence. 

Solar System Exploration 

New exploratory missions are 
scheduled or in prospect to asteroids, 
comets and every planet. Reconnais¬ 
sance of the inner and outer Solar 
System will feature fly-bys, orbiters, 
optical and radar sensing, atmos¬ 
phere probes, balloons, penetrators, 
landers, rovers and sample-return 
missions. A fleet of smart robotic 
probes to the Moon, Mars and acces¬ 
sible asteroids will blaze the trail for 
human exploration. 

Planetary research will be acceler¬ 
ated by technology advances such as 
solar and nuclear electric propulsion, 
rovers powered by 1 to 30 kilowatt 
nuclear generators, artificial intelli¬ 
gence, “brilliant’' autonomous micro¬ 
spacecraft, microwave power trans¬ 
mission, new sensors, laser data stor¬ 
age and communication, aerobrak- 
ing, electromagnetic launch and 
tether operations. 

Comets and asteroids will receive 
increased attention, as these small, 
primitive bodies encapsulate the his¬ 
tory of the Solar System’s birth. 

Solar System Overview 

The Sun - ESTECH at Noordwijk is 
rebuilding the Ulysses solar polar 
mission team. This pioneering flight 
out of the plane of the ecliptic, origi¬ 
nally scheduled for 1983, should shed 
new light on the structure and energy 
processes of our nearest star. Addi¬ 
tional data will come from Instruments 
aboard the proposed Orbiting Solar 
Laboratory in sun-synchronous orbit 
and a future Solar Probe flying within 
3 solar radii. Earth-based instrumen¬ 
tation, like underground neutrino de¬ 
tectors, will also contribute to a 
broader understanding of our life- 
sustaining Sun. 

Mercury - Despite the harsh ther¬ 
mal environment, a launch of two 
spacecraft to Mercury about 1997 is 
being studied. This would require 
gravity assists from 2 Venus and 2 or 3 
Mercury swing-bys, after which the 
twin spacecraft would be injected into 
complementary elliptical orbits about 
2002 for planetology and magneto- 
spheric research. The solar neutron 
flux would also be monitored. The 
Soviet Institute for Space Research 
(IKI) is tentatively planning landers or 
penetrators after 2002 that would 
provide panoramic TV imaging and 
geochemical analysis of Mercury’s 


rugged surface. 

Venus - NASA-JPL’s Galileo and 
Magellan spacecraft will both encoun¬ 
ter Venus next year. Galileo, a joint 
mission of JPL and the German Minis¬ 
try for Research & Technology, will 
swing by the planet in February 1990, 
en route to Jupiter. It will scan Venus 
for deep cloud patterns and lightning 
with infrared, ultraviolet and radio 
sensors. The Magellan spacecraft, 
which was launched by the Shuttle 
Atlantis on May 4 1989, will use high- 
resolution radar to map the cloud- 
shrouded surface. On arrival on Au¬ 
gust 10 1990, the spacecraft will drop 
into orbit and begin charting Venerian 
topography. Soviet scientists are 
studying a 1998 landing mission with 
six to eight 50 kilogram penetrators. 

Earth - The International Space 


America has declared its 
intention, in partnership 
with other nations, to begin 
the exploration and 
settlement of the Moon and 
Mars. The next 40 years will 
see people working and 
living on three worlds. 


Year (ISY) of 1992 will honour Colum¬ 
bus’s 500th anniversary with “Mission 
to Planet Earth", including the US- 
France Ocean Topography Topex/ 
Poseiden mission, and the NASA- 
ESA-Japan Earth Observing System 
(EOS), proposed for the jjiid-1990s. 
Other programmes include ESA’s 
European Polar Orbiting Platform, 
Japan’s Marine Observation Satel¬ 
lite-2, weather satellites, Spot, 
Landsat, and the Japanese JERS-1 
and MOS-1. Data contributed to the 
ISY by remote sensing systems will be 
supplemented by human observa¬ 
tions from the Shuttle, Buran and Mir. 

In December 1990, and December 
1992, Galileo is scheduled to fly by 
Earth en route to Jupiter on a VEEGA 
trajectory that may permit imaging of 
the Earth’s Antarctic ozone hole and 
composition mapping of the far side of 
the Moon. JPL is proposing to launch 
two polar platforms with 16 sensing 
instruments in 1996 and 1998, and 
Explorer-class missions are in pros¬ 
pect. 

The next 40 years should see in¬ 
creasing monitoring from orbit of the 
Earth’s biosphere. Phenomena to be 
studied include acid rain, ozone deple¬ 
tion, carbon dioxide build-up, global 
warming, glacier and polar ice pack 
retreat, El Nino and other ocean cur¬ 
rents, air and water pollution, defores¬ 
tation, desertification, insect infesta¬ 


tion, crop disease, land erosion, urban 
sprawl and every other global change 
factor visible from space. More pow¬ 
erful application satellites are in pros¬ 
pect to provide new global services, 
such as TV distribution (Intelsat and 
Moskva-Globalnaya types), direct TV 
broadcast from orbit, mobile commu¬ 
nications, low-cost navigation and 
other applications. Expendable com- 
sats will be supplemented by large 
teleoperated,- man-tended, multi-use 
platforms in geostationary orbit with 
high power, precision pointing, redun¬ 
dant systems, and reprogrammable 
software. 

The Moon - Japan’s National Space 
Development Agency is considering 
the launch of an H-2 vehicle in 1996 to 
place a Lunar Polar Observer into orbit 
around the Moon. This would pave the 
way for a 500 kilogram, six-wheel, two- 
manipulator surface rover about the 
year 2000, followed by a later auto¬ 
mated sample-return mission. 

NASA is planning to assemble a 
1997 Lunar Observer from back-up 
equipment and spare parts from its 
1992 Mars Observer. After several 
months in a 7-hour elliptical polar orbit 
for gravity studies, Lunar Observer 
will be placed in a 100 kilometre circu¬ 
lar orbit to map and prospect the en¬ 
tire Moon in twelve months. Lunar 
Observer will search for frozen vola¬ 
tiles in sunless craters near the poles 
as part of a general study of lunar 
geochemistry, elemental and minera- 
logical composition, topography and 
gravity and magnetic fields. The em¬ 
phasis will be on future site selection 
for human exploration, which NASA 
proposes to initiate about 2004. 

Mars - In 1992 NASA will launch the 
Mars Observer spacecraft to monitor 
the Red Planet’s atmosphere, surface 
topography and resources for an en¬ 
tire Martian year (two Earth-years). 
Observations will be carried out from 
a nearly circular, sun-synchronous, 
350 to 400 kilometre altitude, polar 
orbit. Mars Observer will also provide 
communication relay and location 
support for the two Soviet Mars-94 
spacecraft To be launched in October 
1994. These will deploy penetrators or 
surface stations on arrival at Mars in 
September 1995, and launch French 
thermal gas balloons with TV gondo¬ 
las and surface-contacting “snakes’’. 

The European Space Agency is 
studying future Mars orbiters, lan¬ 
ders, rovers and a network of small 
surface stations. A Soviet Phobos 
sample-return mission is under con¬ 
sideration for 1996. Planning is also 
underway in the US and USSR for 1996 
Mars penetrators, weather stations 
and rovers, and Rover Sample-Return 
(MRSR) missions about 2001. These 
costly Martian enterprises are prime 
candidates for international collabo- 
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Astronauts explore the surface of Mars, in this artist's impression by BIS member Peter Eickmeyer 


ration, which would blaze a trail for 
multinational piloted missions to Mars 
about 2015. 

Asteroids - Radar signals from 
Earth have probed 33 mainbelt and 20 
near-Earth asteroids. All future mis¬ 
sions beyond Mars will attempt aster¬ 
oid encounters. Galileo is scheduled 
to fly by Gaspra in October 1991 and 
Ida in August 1993. The ESA-France- 
USSR Vesta mission to be launched in 
1996 will probe 8 asteroid and comet 
targets. 

In January 1998, NASA’s first Mari¬ 
ner Mark II spacecraft en route to 
Comet Kopff is scheduled to fly within 
3770 kilometres of Asteroid 449, 
Hamburga. This Comet Rendezvous 
Asteroid Fly-By (CRAF) mission is 
awaiting Congressional approval. 
NASA’s second Mariner Mark II 
spacecraft, on the Cassini mission to 
Saturn, is scheduled to fly by Maja in 
1997. These spacecraft will examine 
the asteroids with remote-sensing 
optical, dust, gas, plasma, and radio¬ 
science experiments. Another 24 as¬ 
teroids which can be reached from 
Earth with low spacecraft velocity 
increments are under study for future 
rendezvous and sample-return mis¬ 
sions. 21st Century human explorers 
will follow up these missions by pros¬ 
pecting nearby asteroids. 

Jupiter - The Galileo spacecraft, 
probably the most complex spacecraft 
ever flown so far, will scan Venus, 
Earth and the far side of the Moon next 
year as it swings through the Inner 
Solar System to gain acceleration for 
a six-year voyage to Jupiter. NASA 
substituted an arduous Venus-Earth- 
Earth Gravity-Assist (VEEGA) trek 
around the inner planets for the origi¬ 


nal 2 1 /4-year direct flight to Jupiter 
when the high-energy Centaur stage 
was banned from the Shuttle after the 
Challenger accident. The new trajec¬ 
tory takes Galileo much closer to the 
Sun than originally contemplated, 
thus doubling the thermal stress on its 
systems. 

On arrival at Jupiter in. December 
1995, Galileo is scheduled to deploy 
its atmosphere probe, perform atmos¬ 
pheric analyses, measure the giant 
magnetosphere and radiation belts 
and begin a 20-month grand tour of the 
diverse Jovian moons for high-defini¬ 
tion mapping and surface composition 
measurements. Galileo will transmit 
data to Earth from Jupiter at a rate of 
134 kilobits per second and attain 20 
to 1000 times the resolution obtained 
by the Voyager spacecraft. Galileo’s 
photos at Jupiter will equal the defini¬ 
tion of Landsat pictures of Earth 

Saturn - In April 1996, the second 
Mariner Mark II spacecraft is sched¬ 
uled for launch on the joint NASA/ESA 
Cassini mission. After a 6'/>-year voy¬ 
age the spacecraft will brake into Sat¬ 
urn orbit in March 2003. During the first 
40 Titan fly-bys, ESA’s 178 km 
Huygens Titan Probe will be deployed 
to enter the moon's hazy nitrogen- 
methane-hydrogen atmosphere and 
parachute eight instruments on a 2 to 
3 hour descent to the surface. From 
2002 to 2007 Cassini will cruise 
though the Saturnian system, explor¬ 
ing the magnetosphere, the spectacu¬ 
lar ring structure, icy moons and or¬ 
ganic-rich Titan. 

Uranus and Neptune - A wealth of 
information from the Voyager fly-bys 
is raising fascinating questions about 
these planets and their rings, atmos¬ 


pheres, energy sources, magneto¬ 
spheres and moons. Future orbiter 
missions are in prospect when nuclear 
electric propulsion becomes avail¬ 
able. Triton will then be a primary tar¬ 
get for orbiters, atmospheric probes, 
landers and penetrators. 

Pluto - Several alternative missions 
are being considered to the Solar Sys¬ 
tem’s last unexplored planet. One would 
use a deep Jupiter gravity-assist to de¬ 
liver a Pioneer 10/11-class orbiter after a 
14 to 20-year flight. Another, the ’’Fire and 
Ice” Mission, would swing by Jupiter and 
the Sun. A third approach proposes a 
three-year, nuclear-electric propelled, 
fly-by of Pluto and Charon as part of a 
deep interstellar mission. Critical obser¬ 
vations for comparative planetology in¬ 
clude Pluto’s and Charon’s surface mor¬ 
phologies, interior structures, magneto¬ 
spheres, evolutionary chronology and at¬ 
mospheric chemistry and dynamics. 

Comets - The Giotto spacecraft, now 
parked in a heliocentric orbit following its 
successful Halley encounter, may be 
reactivated and retargeted by ESA to 
reach Comet P/Grigg-Skjellerup in July 
1992. In addition, NASA has worked out 
trajectories for a new probe to fly to 
Comet Honda-Mrkos-Pajdusakova in 
1996. Beyond this, the ESA-NASA 
Rosetta mission is designed to return a 
refrigerated comet nucleus sample to 
Earth. 

This is the planetary cornerstone of 
ESA's Horizon 2000 long-range plan. 
Other targets are also being considered 
for this extended mission. Pristine mate¬ 
rial dating back to the time the Sun was 
born would be of enormous value both to 
planetary scientists and astrophysicists. 

NASA’s Comet Rendezvous and As¬ 
teroid Fly-By (CRAF) mission, planned 
for launch in 1995 or 1996, will send the 
first Mariner Mark II spacecraft to rendez¬ 
vous with the short-period comet Kopff 
just inside the orbit of Jupiter in 2000 or 
2001. While the comet is monitored from 
a distance of 20 to 5000 kilometres dur¬ 
ing a three-year swing around the Sun, a 
penetrator with 5 instruments will be de¬ 
ployed. The Kopff encounter will continue 
through the comet’s perihelion at 1.58 AU 
in December 2002. Nine days later the 
spacecraft will fly out through the comet’s 
plasma tail to a distance of 50,000 kilo¬ 
metres. The mission will end on March 3i 
2003. 

A Japanese-American spacecraft is 
also under discussion that would inter¬ 
cept comet Kopff during the CRAF mis¬ 
sion in November 2002, pick up a sample, 
and return it to Earth orbit. 

Interstellar Space Beyond the Heli¬ 
opause - Pioneer and Voyager will be the 
first spacecraft to fly out into interstellar 
space. JPL scientists have conceptually 
designed a 5000 km probe for a voyage 
outside the Solar System using nuclear- 
electric ion propulsion and laser commu¬ 
nication to Earth orbit. This Thousand 
Astronomical Unit (TAU) mission would 
cruise beyond Pluto for 50 years, flying 
into the Oort Cloud of comets and outside 
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the Heliopause. 

This bold mission would explore a new 
region of space and give astronomers a 
unique extended baseline for more pre¬ 
cise measurements of stellar distances 
within our galaxy and the Magellanic 
clouds. 

The Coming Extraterrestrial Century 

In 1984, the US Congress created the 
National Commission on Space to look 
into the future and recommend a 20-year 
civilian space programme. The Commis¬ 
sion's final report, Pioneering the Space 
Frontier, proposed to the President and 
the Congress that America “lead the 
exploration and development of the 
space frontier, advancing science, tech¬ 
nology and enterprise, and building insti¬ 
tutions and systems that make acces¬ 
sible vast new resources and support hu¬ 
man settlements beyond Earth orbit, 
from the highlands of the Moon to the 
plains of Mars". 

Onjhe 20th anniversary of Apollo 11's 
lunar landing, President Bush delivered 
a historic address at the Smithsonian Air 
and Space Museum. Standing before the 
1903 Wright Brothers aircraft, 
Lindbergh’s 1927. Spirit of Saint Louis and 
the 1969 Apollo 11 Spaceship, Columbia, 
he directed NASA to proceed with an 
orbital base, to prepare plans to establish 
permanent bases on the Moon and to 
begin the exploration of Mars. 

Return to the Moon: 2004 

Although Apollo demonstrated the 
feasibility of expendable spacecraft for 
flights to the Moon, NASA’s Martian goal 
suggests using prototype cycling space¬ 
ships on the Earth-Moon run to gain op¬ 
erational experience. These larger pas¬ 
senger transports would swing-by the 
Earth and the Moon in perpetual return 
orbits, with high-speed space taxis to 
ferry passengers from Spaceport Earth 
and Spaceport Moon to the cycling 
spaceships. 

These well-equipped spaceships 
would give scientists valuable research 
platforms for interferometry and other 
deep space experiments and allow engi¬ 
neers to check out ferry operation, artifi¬ 
cial gravity chambers and closed-ecol¬ 
ogy biospheres illuminated 24 hour daily. 
During solar flares and passages through 
the van Allen Radiation Belts, lunar trav¬ 
ellers would be protected by the massive 
shielding that will be mandatory aboard 
spaceships on the Mars run. 

Tentative NASA plans call for staffing 
the first lunar outpost with a crew of 4 to 6 
on six-month tours of duty. Before they 
arrive, their habitats and workshops will 
be robotically deployed, activated and 
checked-out from Earth. 

An extended base would then be con¬ 
structed on the Moon, about 2008, to 
accommodate eight people for one-year 
tours of duty. From the first landing, sci¬ 
ence and exploration activities will ac¬ 
company facility extension. By 2010 a 
crew of 12 will be enlarging the facilities 
and utilising lunar resources to the full¬ 
est extent practicable. Oxygen extracted 


from lunar rocks, tor example, will pro¬ 
vide atmosphere and propellant. An alter¬ 
nate plan involves an initial “Lunar Oasis” 
populated by 30 people with 3 year tours 
of duty. A one megawatt solar or nuclear 
electric plant would support lunar con¬ 
struction, research operations, and high- 
intensity agriculture for food production 
and air and water recycling. With NASA’s 
sights set ultimately on Mars, all Lunar 
base prototype systems will be designed 
for adaptability to Martian conditions. 
Multidisciplinary international labora¬ 
tories and workshops should be function¬ 
ing by 2015 and broad-spectrum astro¬ 
nomical observatories operating on the 
near and far sides of the Moon. By then, 
any location on the Moon should be ac- 


The next 40 years will see the 
development of the broad 
technology base, 
transportation 
infrastructure and network 
of self-sustaining bases 
beyond Earth orbit. 


cessible through surface or ballistic 
transport and the base designs and 
robotic construction techniques proved 
out on the Moon will be operating on Mars. 

Exploration and Settlement of Mars 

Mars is a thousand times farther away 
than the Moon and will, therefore, require 
a high degree of autonomous operation, 
utilising indigenous resources. Modular 
space transfer vehicles with hydrogen- 
oxygen engines and aerobraking shields 
are being developed for Earth-Mars 
cargo and passenger flights. Lower-cost 
cargo transport is in prospect using low- 
thrust, high-specific-impulse solar or 
nuclear electric propulsion systems. 
Large cycling spaceships swinging per¬ 
manently between the orbits of Earth and 
Mars appear promising for interplanetary 
passenger transport in the 21st Century. 
Aerobraking transfer vehicles would 
ferry passengers between the cyclers 
and Spaceport Earth at one end of the 
voyage, and Spaceport Mars at the other, 
eliminating the need to accelerate and 
decelerate the massive transports. 

President Bush’s far-sighted goal of 
Mars exploration gives NASA the ration¬ 
ale to develop the technology base and 
infrastructure for interplanetary trans¬ 
port systems and facilities planning for 
international collaboration in the settle¬ 
ment of Mars. 

The next 40 years will see the de¬ 
velopment of the broad technology base, 
transportation infrastructure and net¬ 
work of self-sustaining bases beyond 
Earth orbit that will permit men and 
women to live and work on the space fron¬ 
tier. Bases will require solar or nuclear 
electric generators in the 1 to 10 mega¬ 
watt range, automated plants to process 


indigenous materials, robotic construc¬ 
tion machinery, fabrication plants (with 
software links to twin factories on Earth), 
base maintenance shops, and transpor¬ 
tation support facilities. 

With Mars so far from Earth in distance 
and travel time, air and water must be 
recycled and nourishing food produced, 
within automated, closed-cycle life-sup¬ 
port systems. Air and water have been 
successfully regenerated in prototype 
systems and the problems reasonably 
well understood. However, little is known 
about constructing artificial biospheres 
that can be depended upon to supply food 
and fibre on other worlds. 

The Earth’s solar-powered biosphere 
is 24,000 miles in circumference and, 
except for occasional ice ages and mete¬ 
orite impacts, has operated reliably for 
four billion years. Now we must learn how 
to compress our complex food chain into 
compact recycling conservatories ca¬ 
pable of operating unfailingly aboard 
spaceships and at Lunar and Martian 
Bases. Fortunately, rapid progress in the 
biological sciences and genetic engi¬ 
neering provides a host of new tech¬ 
niques to help develop reliable closed- 
ecology systems. 

Arid areas of Earth, like to American 
South-west, the Middle East, Central 
Asia and the interior of Australia, could 
benefit from space biosphere research. 
Where water is insufficient to support 
irrigation, a break-through in intensive 
closed-ecology agriculture could have a 
major impact. This is but one of the many 
potential benefits to be derived from 
space research. As Europeans gained 
ffom economic and social developments 
in the Americas, so will we all benefit from 
human expansion into space. 

Conclusion 

President Bush has challenged NASA 
to work towards one of humanity’s most 
exalted long-range goals, the creation of 
a self-sufficient civilization "living off the 
land” on Mars. This great high-technol¬ 
ogy endeavour will attract international 
partners, encourage world peace, stimu¬ 
late advances in science and engineer¬ 
ing, generate broad economic benefits, 
inspire young people, and give our de¬ 
scendants a magnificent legacy of ex¬ 
panding horizons. Mars alone will double 
the land area available to humanity. 

All peoples of Earth should participate 
in the expansion of humanity to other 
worlds with industrialised nations lead¬ 
ing the way. 

There will be a need to organise an 
advanced Space Federation to encour¬ 
age and integrate the national efforts of 
America, Europe, Japan, the Soviet Un¬ 
ion and many other countries. This 21st 
Century institution will build upon past 
international space organisations and, 
like all federations, its goal will be to make 
the total global effort greater than the sum 
of its national parts. Eventually, the 
Space Federation should evolve into an 
extraterrestrial government, as Lunari¬ 
ans and Martians assume responsibility 
for their own destinies. 
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The final two candidates in the 
race to become Britain’s first 
astronaut have begun 18 
months of training at Star City, 
near Moscow. Helen Sharman 
and Timothy Mace were re¬ 
vealed as the final two candi¬ 
dates during a live television 
programme at the Science Mu¬ 
seum in London, on November 
25. Gordon Brooks and Clive 
Smith - a member of the British 
; Interplanetary Society - will 
j form the reserve crew. 

The final stage of the selection 
; process began when the four Juno 
candidates arrived in Moscow on 
November 12 for further medical ex¬ 
aminations and tests. The four, Gor¬ 
don Brooks, Timothy Mace, Helen 
; Sharman and Clive Smith, spent most 
i of their time at Moscow’s Hospital 
| No.6. 

"We did not all do the same tests,” 

; Juno candidate, Clive Smith told 
! Spaceflight. “It seems to me what the 
i Soviets were doing was confirming the 
results that had been found in the UK.” 
i All four candidates were tested on 
1 the tilt table: “We were tilted to 15 
I degrees and then -30 degrees and left 
; there for about five minutes while they 
j measured blood flow to the head," 

I Clive explained. 

i “They spent a long time looking 
; over the data and giving us more physi- 
I cal examinations. They picked out an 
. ; amazing amount of detail." 

The candidates spent a short time 
at the Yuri Gagarin Cosmonauts 
Training Centre, Star City. The four 
candidates were tested on a coriolis 
chair, similar to the one at Farnbor- 
ough. “We were spun on the Z axis, 
from the head through the back. While aiming at, very rapidly, within three to and I had to say which ones I could 

we were being rotated, we had to tilt four seconds. On the Soviet one they see.” Clive was very impressed with 

our head. To me it was just like being brought it up in stages of about 0.2 G the Soviet centrifuge. “They could 

on a massive swing,” Clive said. per second, reaching 4 G and sustain- actually change the pressure and the 

Of the four, Clive Smith was the only Ing that for about a minute or so and temperature inside it. It was much 
one to endure the Soviets’ mammoth then up to 8 G for about another min- more sophisticated than the Farnbor- 

centrifuge at Star City. “It was a lot ute. At the same time I had to look at ough one." 

different to the Farnborough centri- peripheral indicators and cancel them The Juno team were given a tour of 
fuge,” Clive explained. “They seemed when the instructor lit them up. There Star City’s training facilities, including 

to go through a launch profile. On the were also eye tests. They had a plate the mock-up of Mir, a Soyuz TM cap- 

Farnborough test we were taken that lit up directly in front of you, with sule, space suits and the massive 

straight up to whatever G they were circles that got progressively smaller water tank used for EVA training. 
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Once the tests were completed and 
all the results had been analysed, the 
doctors made their recommendations 
to the 38 members of the State Medi¬ 
cal Commission. 

“They debated all of our cases," 
Clive told Spaceflight. “Then we all 
had to go back to the consulting rooms 
again, where we were examined by the 
six medical departments. This was the 
‘nth’ examination and this time there 
were three doctors from each depart¬ 


ment to get three separate opinions. 
Then they would sign us off - fit to train 
or not.” 

Along with their go/no-go decision, 
the Soviet doctors also gave certain 
conditions under which the candi¬ 
dates would be fit to train. “For ex¬ 
ample, the ear, nose and throat de¬ 
partment said ‘fit to train’ as long as I 
had my tonsils out.” Clive explained. 

The four candidates returned from 
Moscow on November 24, still un¬ 


aware which of them would be se¬ 
lected for training. 

The Juno Management Board met 
in the early afternoon on November 25 
to chose the final two candidates. Four 
hours later the names were revealed 
during a live television programme, 
from the Science Museum in London. 
Via satellite, Jack Leeming at the Ka¬ 
liningrad Flight Control Centre, near 
Moscow, announced Helen Sharman 
and Timothy Mace would be the two to 
begin training for the 1991 space 
flight. 

Important Role for Reserve Crew 

Although disappointed, Clive 
Smith and Gordon Brooks, are still 
very much part of the Juno mission. 
Both have left their jobs and are work¬ 
ing full-time for the project. They are 
undergoing an intensive 12 week 
Russian language course so they can 
step into Tim or Helen’s slot if, for what 
ever reason, they could not continue 
with their training. 

Clive and Gordon will join Tim and 
Helen in the Soviet Union on many 
occasions before the launch. Mission 
Director Peter Graham said the four 
were such a team it would have been 
impossible to separate them. 

“Gordon and I will be working with 
Heinz Wolff on the science side,” Clive 
Smith explained. “We will try to get to 
grips with how best to do the experi¬ 
ments and then take that information 
over to the Soviet Union and train Tim 
and Helen how to use the equipment. 
We will also be time-lining the experi¬ 
ments and doing simulations, the big 
reason for getting people working on 
the time element is that we need to do 
the experiments in a minimum time, 
because we only have about 40 hours 
working time aboard Mir. That is one 
element of the job. The other is to go 
out and publicise the mission to uni¬ 
versities, schools, industry and who 
ever wants to know about it. It is going 
to be a very busy time.” 

; Training Begins 

Helen Sharman and Timothy Mace, 
! accompanied by Juno Medical Direc- 
j tor Peter Howard, received a ‘hero’s 
| welcome’ when they arrived in 
I Moscow on November 30. The candi- 
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THE JUNO MISSION 



The four candidates pictured during tne live television programme to select the final two 


dates quickly settled in at their new 
homes in Star City and almost imme¬ 
diately began their 530 hour Russian 
course. 

Vladimir Shatalov, Head of Train¬ 
ing at Star City, told Spaceflight: “The 
first half of the training will be devoted 
to theoretical lessons, including bal¬ 
listics, navigation, astronomy, medi¬ 
cal training and psychological train¬ 
ing. This is what we call basic training." 

Shatalov said the British astro¬ 
nauts will get their first taste of weight¬ 
lessness during parabolic flights in a 
specially equipped Ilyushin 76 air¬ 
craft. The first such flight is tentatively 
scheduled for late March. They will 
have sessions to train their vestibular 
apparatus, ordinary physical exer¬ 
cises, periodical medical check-ups. 

“They will have training sessions in 
the simulators,” Shatalov explained. 
“Then they will have to pass a series of 
exams and tests. It is at this point we 
let the British decide which one will be 
primary and which one the back-up.” 
This point is expected to be reached in 
August 1990. 

“Then the British will be merged 
with our primary and back-up crews 
and we start what is called ‘crew-wise’ 
training," Shatalov said. 

The astronauts will receive 360 
hours of training on the Soyuz TM 
spacecraft and 370 hours on the Mir 
space station. "They have to know it 
perfectly,” Vladimir Dzhanibekov told 
Spaceflight. “They will need a good 
understanding Of the life support sys¬ 
tem of the spacecraft and of the space 
station. They have to operate the 
systems without any consultations 
with their colleagues. They will need 
to know about the computer system of 


the spacecraft and some operations 
connected with the process of return 
to Earth. They have to be able to oper¬ 
ate the spacecraft themselves if 
something is wrong with the Soviet 
cosmonauts. To make the project very 
safe we will give them more training 
than they need. Also, we will pay great 
attention to teaching them to survive 
after the landing or splash-down.” 

In addition to the Soviet training 
programme the two Juno astronauts 
will have to learn how to perform the 
British scientific experiments. 

Juno Funds Reach Half Way Point 

Mission Director Peter Graham told 
Spaceflight that sponsorship deals 
had raised about half the £16 million 
to fund the mission. Three of the mis¬ 
sion sponsors have made themselves 
known: British Aerospace, Interflora 

Interior of the Soyuz training mock-up. 


and Memorex. Other companies inter¬ 
ested in sponsoring the mission are a 
major airline, a telecommunications 
company, a chocolate firm and a 
chemical company. Final contracts 
are expected to be signed with these 
organisations in the near future. 

Potential mission sponsors are 
being wooed by the right to use the 
Juno logo in their advertising, the 
opportunity to place brand names on 
the Soyuz launch vehicle, the astro¬ 
naut’s clothing, aboard the Mir space 
station and within the Flight Control 
Centre at Kaliningrad and a duplicate 
mission control, to be built in London, 
which will monitor the mission along 
side its Soviet equivalent. Sponsors 
are also being offered access to mis¬ 
sion film footage and opportunities for 
post-flight astronaut public appear¬ 
ances. 
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SPACE IN THE 1990s 

This month is the start of the new decade. Spaceflight looks for¬ 
ward to the many spectacular events in space scheduled for the 
1990s. Due space flight being an unpredictable business dates 
given could be subject to change. 


JANUARY 1990 

The Pegasus air-launched booster will make its 
maiden flight. 

FEBRUARY 1990 

01 The Space Shuttle Atlantis is due to blast off on a 
classified Department of Defense mission. The 
payload will almost certainly be a low earth orbit 
reconnaissance satellite. 

09 The Galileo Jupiter probe will flyby Venus enroute to 
Jupiter at a distance of 9,300 miles. (See 
Spaceflight, March 1989, p.93-95.) 

11 Soyuz TM-9 will blast off from Baikonur Cosmodrome 
with cosmonauts Anatoli Solovyov and Aleksandr 
Balandin aboard. 

24 Cosmonauts Viktorenko and Serebrov will return to 
Earth after their six month mission aboard the Mir 
space station. 

MARCH 1990 

26 The Hubble Space Telescope will be lifted into orbit 


by the Space Shuttle Discovery. The long-awaited 
observatory will see planets, stars and other objects 
about ten times better than the best optical tele¬ 
scopes on Earth. (See Spaceflight, December 1986, 
p.440 : 446.) 

30 The 17.5 tonne T Module will be launched by Proton 
and dock with Mir after a week of manoeuvring in 
orbit. The module will carry an airlock to allow the 
Soviet Shuttle to dock with Mir. 


APRIL 1990 

26 The Space Shuttle Columbia will carry a crew of 

seven - the largest since the Challenger accident - on 
a nine to ten day mission. The cargo bay will contain 
ASTRO-1, an Astrophysics Spacelab payload, 
consisting of four separate optical instruments: 

Three ultraviolet telescopes, on a single pointing 
system, mounted on two spacelab pallets and an X- 
ray telescope with its own pointing system secured 
by a special support structure. 


JUNE 1990 

Combined Release and Radiation Effects Satellite 
(CRRES) will be launched by an Atlas-Centaur. The 
experiment will study the effects of natural radiation 


STS-31 Crew Patch - The mission insignia features the Hubble Space Telescope (HST) in its observing configuration against a background of the universe 
it will study The cosmos includes a stylistic depiction of galaxies in recognition of the contribution made by Sir Edwin Hubble to our understanding of the 
nature of galaxies and the expansion of the universe. The depicted Space Shuttle trails a spectrum symbolic of both the red shift observations that were so 
important to Hubble's work and new information which will be obtained with the HST. NASA 
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SPACE IN THE 1990s 


The Magellan prot.. enters orbit around Venus 



on microelectronic devices, characterise the 
geospace electrical, magnetic and radiation environ¬ 
ment, evaluate the performance of gallium arsenide 
solar cells, study interaction of plasmas with the 
magnetosphere, study the coupling of the upper 
atmosphere with the ionosphere and study the 
structure and chemistry of the ionosphere. The 
satellite also contains a NASA experiment which 
consists of 24 chemical canisters. 

04 The Gamma Ray Observatory (GRO) will be 
launched aboard the Space Shuttle Atlantis. The 
GRO will study gamma ray emitting objects in our 
galaxy and beyond and investigate neutron stars and 
black holes. West Germany, the Netherlands, the 
United Kingdom and the European Space Agency are 
collaborating in the project. 


JULY 1990 

Soyuz TM-10 will be launched to Mir with a new crew 
for the space station. Soloyvov and Balandin will 
return to Earth. 

An Atlas/Centaur will launch the GOES-I (Geosta¬ 
tionary Operational Environmental Satellites) 
weather satellite. 

09 Discovery will be launched on a classified mission for 
the Pentagon. The payload is believed to be a recon¬ 
naissance satellite that does not require an upper 
stage. 


AUGUST 1990 

10 At 17:00 GMT the Magellan probe’s STAR 48 solid 
rocket motor will fire placing the spacecraft in orbit 


around Venus. After post-insertion checkouts Magel¬ 
lan will begin radar mapping of the planet’s surface. 

16 Columbia will carry the Spacelab Life Sciences-1 
(SLS-1) laboratory into orbit. During the nine day 
mission the crew of seven will perform experiments 
in space medicine and biology. A number of Get 
Away Special canisters will be housed in Columbia’s 
payload bay. 

OCTOBER 1990 

A Progress-M vehicle will carry the first British 
experiments to the Mir Space Station for the 1991 
Juno mission. 

The Galileo probe will transmit the majority of the 
data gathered at Venus as it approaches Earth. 

05 The Space Shuttle Atlantis will deploy the Ulysses 
solar polar orbiter. An hour after deployment an IUS 
booster, supplemented by a PAM-S stage, will send 
the probe towards Jupiter where a gravity assist from 
the planet will push the spacecraft out of the plane of 
the ecliptic and into a high latitude polar orbit around 
the Sun. 


NOVEMBER 1990 

A Japanese journalist, accompanied by two Soviet 
cosmonauts, will be launched to the Mir Space 
Station aboard Soyuz TM-11. 

11 The Space Shuttle Discovery blasts off on an unclas¬ 
sified Department of Defense mission. It will carry 
the Cryogenic Infrared Radiance Instrument for 
Shuttle (CIRRIS) and the Infrared Background 
Signature Survey experiments. 


DECEMBER 1990 

06 Columbia will carry the International Microgravity 
Laboratory Into orbit. The pressurised Spacelab 
module will provide a working area for materials and 
life sciences experiments during the nine to ten day 
mission. 

08 Galileo makes its flyby of Earth as it gathers speed 
for its journey to Jupiter. The spacecraft will hurtle 
passed Earth at a distance of about 600 miles. 


1991 


The Soviet Space Shuttle will make its second, 
unmanned, space flight. A docking with the Mir space 
station is being considered. 

The Taurus Standard Small Launch Vehicle devel¬ 
oped by Orbital Sciences Corporation is due to make 
its first launch from Vandenberg Air Force Base in 
California. 

The second Indian Earth resources photography 
satellite, ISR-1B will be launched by the Soviet 
Union. 


JANUARY 1991 

31 The fourth Tracking and Data Relay Satellite (TDRS) 
will be deployed from the Space Shuttle Atlantis. 

MARCH 1991 

0 4 Discovery will blast off on a classified DoD mission. 
The payload is believed to be an improved Defense 
Support Program early warning satellite. 
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The Ulysses Solar Polar Orbiter is deployed from the Space Shuttle 


28 The Atmospheric Laboratory for Applications and 
Science (Atlas) will be launch on Space Shuttle 
mission STS-45. The payload consists of two Space- 
lab pallets and an 'igloo 1 to accommodate a core 
payload of solar and atmospheric monitoring instru¬ 
ments plus reflights of some Spacelab investiga¬ 
tions. 


APRIL 1991 

12 The 30th anniversary of Yuri Gagarin’s historic 
spaceflight. The British Juno mission is tentatively 
scheduled for launch. The British astronaut will blast 
off from Baikonur with two Soviet colleagues and 
dock with the Mir space station just over a day later. 

20 The British astronaut will return to Earth at the end of 
the eight day Anglo-Soviet space mission. 

28 The ‘nominal end’ of the Magellan mission. However, 
if the spacecraft is in good health and funds are 
available, the mission will continue. 

MAY 1991 

16 Atlantis will carry the European Eureca spacecraft 
into orbit. Eureca will carry microgravity experiments 
and various samples. Eureca-1 will be retrieved 
about six months later. The Tethered Satellite 
System will be tested for the first time on this flight. A 
satellite carrying four science instrument packages 


will be deployed upward on a 20 km conductive tether 
(see Spaceflight, May 1988, p.200-208). 

JUNE 1991 

17 The Space Shuttle Discovery will blast off with 
Spacelab=J, a joint mission between NASA and the 
National Space Development Agency of Japan 
(NASDA). NASA will be partially reimbursed for the 
cost of a dedicated Shuttle flight, including the use of 
the Spacelab systems. 

AUGUST 1991 

NASA will launch its Extreme Ultraviolet Explorer 
(EUVE) on a Delta launch vehicle. 

22 A Department of Defense Spacelab, named Starlab, 
will be carried into orbit aboard the Space Shuttle 
Atlantis. It will consist of a pressurised module and 
exposed pallet. 

SEPTEMBER 1991 

30 The Lageos II and Geostar satellites will be launched 
onboard the Space Shuttle Discovery. Lageos II is a 
passive laser reflecting satellite which will help 
monitor movements of the Earth’s crust. A joint 
Italian NASA project. The satellite will be boosted 
into its 6,000 km, 109.8 degree inclination orbit, by 
the Italian IRIS upper stage. 

OCTOBER 1991 

29 The Galileo probe will fly about 600 miles from the 
asteroid Gaspra. 

NOVEMBER 1991 

NASA will launch the GOES-J weather satellite. 

27 The Upper Atmosphere Research Satellite (UARS) 
will be deployed from the Space Shuttle Atlantis. 
UARS will provide the global data base necessary for 
understanding the coupled chemistry and dynamics 
of the stratosphere and mesosphere, the role of solar 
radiation in driving the chemistry and dynamics, and 
the susceptibility of the upper atmosphere to long 
term changes in the concentration and distribution of 
Key atmospheric constituents, particularly ozone. 

To be continued in the next issue 


Eureca - The European Retrievable Carrier 
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Japan Launches Moon Mission 


Japan became the third country to 
launch a spacecraft to the Moon when the 
Muses-A probe blasted off from the 
Kagoshima Space Centre. A small or- 
blter will enter lunar orbit on March 21. 
The mission was staged by Japan's Insti¬ 
tute of Space and Astronautlcal Science. 

The Japanese lunar mission consists of 
two spacecraft. The mother craft is 140 cm 
in ctameter and 79 cm high. The second, 
smaller spacecraft, named the Lunar Or- 
biter, is attached to the main Muses-A craft. 
The Lunar Orbiter is 40 cm in diameter and 


37 cm high. 

The two spacecraft were injected into a 
400 x 240 km orbit After making two revolu¬ 
tions of the Earth a solid rocket motor fired 
to place the spacecraft in a highly elliptical 
Earth orbit In this orbit Muses-A will pass 
within 16,000 km of the Moon in mid-March. 
At this point the mother craft will release the 
Lunar Orbiter which will fire its own rocket 
motor and enter orbit around the Moon. 

Both spacecraft will return engineering 
data. The mission will give Japan valuable 
experience operating and tracking space¬ 


craft orbiting around another body. 

Muses-A was launched on the evening on 
January 24 after a 24 hour delay due to tech¬ 
nical problems. The probe was launched on 
a 27.7 m long M-3S-2 three stage solid pro¬ 
pellant booster built by the Nissan Motor 
Company. This was the fifth launch of the M- 
3S-2 booster. The 183 kg Muse£-A space¬ 
craft with its 11 kg Lunar Orbiter was built 
by NEC at a cost of 4.3 billion yen. 

Muses-A is the first spacecraft to be sent 
to the Moon since the Soviet Union’s Luna 
24 mission in 1976. 


Shuttle Crew Set for Military Mission 


As this Issue of Spaceflight went to press 
all looked set for a launch of the Space 
Shuttle Atlantis on February 22/23. The 
crew for this four day, 10 hour military 
mission are Commander John 
Creighton, Pilot John Casper and Mis¬ 
sion Specialists David Hllmers, Michael 
Mullane and Pierre Thuot The crew are 
to deploy an advanced reconnaissance 
satellite. 

The crew of STS-36 are to deploy a photo 
reconnaissance satellite similar to the one 
launched on STS-28 in August last year. It 
may possibly carry signals intelligence 
equpmenL The payload for this flight has 
the code name AFP-731. 

According to reports the mission is to be 
launched into a unique 62 degree indination 
orbit Previously, indinations above 57 de¬ 
grees have been prohibited because the 

NEWS UPDATE 

Cleave Quits Mission 

As this issue went to press we learnt that, at 
her own request, astronaut Mary Cleave 
has been removed from STS-42, the Inter¬ 
national Microgravity Laboratory flight. A 
NASA spokeswoman said Cleave’s deci¬ 
sion was for personal reasons and she will 
remain a NASA astronaut Cleave wiH be re¬ 
placed by Sonny Carter, who flew on the 
STS-33 military mission in November last 
year. (The item on p.77 detailing STS-42 
crew assignments was prepared before 
Spaceflight received news of the crew 
change.) 

Galileo Makes Venus Fly-by 

The Galileo probe has received its first grav¬ 
ity assist from a planet On February 10 the 
^jatErraft made a fly-by of Venus on its 2.5 
billion mile journey to Jupiter. The space¬ 
craft wiH make two fly-bys of the Earth, in De¬ 
cember this year and in December 1992. 
Scientific data gathered during the Venus 
encounter will be returned to Earth at a slow 
rate through the low-gam antenna, 

Chinese Launch 


China launched 
lions’ satellite on 
The satettte was 
a Long March 
boosted into a 
days later by an 


an ‘applied communica- 
February 4 at 12:27 GMT. 
launched from XJchang on 
3. The spacecraft was 
near-stationary orbit two 
onboard motor. 



Five STS-36 astronauts pose near Disxrvsry on Launch Pad 396 in November 1989. (let to rigM) 
Pierre J. Thuot John H. Casper, John O. Creighton, Richard M. Mullane and David C. Rimers. 

NASA 


launch trajectory would take the Shuttle 
over populated areas. An inclination of 62 
degrees is the highest possible trajectory 
without flying over the eastern coast of the 
United States. The higher inclination trajec¬ 
tory will reduce the Shuttle's payload ca¬ 
pacity by approximately 1,130 kg. 

The reconnaissance satellite will be 


deployed during the 18th orbit using a new 
payload deployment system. 

Atlantis was rolled to launch pad 39A at 
the Kennedy Space Center on Ja/uary 25. 
The launch has been set for February 22 bu 
work to replace a high pressure fuel tur¬ 
bopump on one of Atlantis’ main engmes 
may delay the launch until February 23. 


New Astronaut Trainees 


NASA has named 23 new astronaut can¬ 
didates, In the first of what will become 
standard biennial selections. 

The cancfdates were chosen from among 
1,945 qualified applicants, 106 of whom 
received interviews and medical examina¬ 
tions between September and November 
last year. They will report to the Johnson 
Space Center in July to begin a year of train¬ 
ing and evaluation, after which they will re- 


Pllots 

Kenneth D. Cockrell 
Air Force Maj. Eileen M. Collins 
USAF Capt. William G. Gregory 
USAF Maj. James D. HatoeU, Jr. 
USAF Maj. Charles J. Precourt 
USAF Capt. Richard A SearfczB 
Marine Maj. Terrwro W. Wkutt 

Mission Specialists 
Navy U Cdr. Daniel W Bunch 
Leroy Chiao 

Army Maj. Michael R. R. Clifford 


ceive their technical assignments leading 
to selection for Shuttle crews. 

The 1990 group includes seven pilot 
candidates, including 11 civilians and 12 
military officers. Among the five women 
selected are three military officers, includ¬ 
ing the first woman to be named as a pilot 
candidate and the first Hispanic woman to 
be chosen. 

A list of the trainees appears below. 


Bernard A. Harris Jr. 

USAF Capt. Susan J. Helms 

Thomas D. Jones 

Army Maj. William S. McArthur Jr. 

James H. Newman 

Ellen Ochoa 

Ronald M. Sega 

Army Capt Nancy J. Sherlock 

Donald A. Thomas 

Janice E Voss 

USAF Capt Carl E Walz 

Peter J. K. Wssoff 

David A. Wolf 
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Early COBE Results in Accord 
With ‘Big Bang Theory’ 


Preliminary results from NASA's 
Cosmic Background Explorer 
(COBE), are In accord with the pre¬ 
dictions of the Big Bang theory, 
which traces the origin of the uni¬ 
verse to a primordial explosion 
some 15 billion years ago. The uni¬ 
verse today shows that sometime 
after the Big Bang additional 
release(s) of energy must have oc¬ 
curred. COBE’s new results se¬ 
verely limit the magnitude and char¬ 
acter of such a release. 

Limited COBE data now indicate a 
smooth, uniform Big Bang. However, 
small deviations from a blackbody 
spectrum - the characteristic signa¬ 
ture of radiation from an opaque object 
of uniform temperature - would reveal 
energetic processes in early universe. 

COBE scientists reported that the 
instruments onboard the spacecraft 
are performing exquisitely with preci¬ 
sion never before achieved. Such 
precision puts new constraints on 
theories to explain the present uni¬ 
verse. 

Over the 2-year mission, COBE will 
continue to collect much more data. 
Scientists expect the final data to be 
ten times mor sensitive than these 
early results. 

These early results were reported to 


the American Astronomical Society by 
the principal Investigators for the 
three instruments: the Far infrared 
Absolute Spectrophotometer 

(FIRAS), the Differential Microwave 
Radiometer (DMR) and the Diffuse 
Infrared Background Experiment 
(DIRBE). 

Dr John Mather, Principal investiga¬ 
tor for FIRAS and Project Scientist, re¬ 
ported that the spectrum measure¬ 
ment of the cosmic microwave back¬ 
ground (a relic of the Big Bang) is 
highly accurate and heralds a major 
advance in observational cosmology. 
Based on a small sample of data, 
FIRAS measurements show no devia¬ 
tion from a blackbody spectrum as 
large as one percent of the peak bright¬ 
ness of the cosmic microwave back¬ 
ground over the wavelength range 500 
microns to 5 millimetres. 

When FIRAS captured these data, 
it was pointed toward the North Galac¬ 
tic Pole, where emissions from our 
own galaxy, the Milky Way are ex¬ 
pected to be low. Using only 9 minutes 
of sky observations, FIRAS already 
has produced the most precise cosmic 
microwave background spectrum 
measurement ever made. Much more 
exposure time will be obtained during 
the mission. 


Pegasus Completes 
Third Test Flight 


The Pegasus air-launched space 
booster successfully completed Its 
third captive carry flight test on 
January 30. Pegasus was carried by 
its b-52 carrier aircraft to a prede¬ 
termined point over the Pacific 
Ocean In a final dress rehearsal that 
clears the vehicle for the first 
launch this Spring. 

“The test flight was very success¬ 
ful”, noted Robert Lovell, President of 
OSC’s Space Systems Division. “The 
objectives for the test were achieved, 
and the crew executed the mission 
perfectly. It was a good day for the 
Pegasus programme". 

The test flight began at 08.00 PST 
and at 10.01, lasting approximately 
two hours. The test simulated activi¬ 
ties leading up to the point of launch, 
and included two simulated launch 
cycles. The B-52 carrier aircraft with 
the Pegasus attached achieved a 
launch altitude of approximately 
43,000 feet. The simulated launch 
occurred within seconds of the desig¬ 


nated drop time and at the precise geo¬ 
graphic location. Only minor anoma¬ 
lies were experienced, including 
momentary blackouts in the voice 
communications between the ground 
control and B-52 crews, but none of the 
problems were considered significant 
enough to have prevented a success¬ 
ful launch. Modifications to the air¬ 
borne support equipment to correct 
anomalies noted during the second 
test tracking activities were validated. 

The date of the first orbital launch of 
the Pegasus will be determined by 
DARPA based on the results of the 
third test flight and payload launch 
window requirements. The first test 
flight was conducted on November 9, 
and met its objectives demonstrating 
the structural soundness and safe 
take-off, flight and landing of the Peg- 
asus/B-52 carrier aircraft combina¬ 
tion. The second captive test flight on 
December 15 simulated the actual 
launch sequences and orbital ascent 
flight in a full dress rehearsal for the 
first launch. 


Dr George Smoot, Principal Investi¬ 
gator for the DMR, presented the first 
COBE maps of the variation in bright¬ 
ness of the cosmic background radia¬ 
tion over the sky. The maps, taken at 
frequencies of 31, 53 and 90 GHz, 
indicate that the cosmic background 
radiation Is equally bright in all direc¬ 
tions. The question of what and where 
are the progenitors of galaxies and 
large clusters of galaxies is still open. 

The preliminary results from DMR 
are based on only about 20 days of 
data and also indicate the extraordi¬ 
nary smoothness of the universe. This 
instrument will continue to take data 
for two years, which will improve Its 
sensitivity to search for anisotropies, 
or “lumpiness,” in the early universe 
well beyond the present limits. 

Dr Michael Hauser, Principal Inves¬ 
tigator for DIRBE, showed maps of half 
the sky taken at wavelengths of 1.2, 12 
and 240 microns (never before 
achieved for the 1.2 and 240 micron 
wavelengths). Final maps from this 
experiment will enable COBE scien¬ 
tists to search for radiation from the 
first stars and galaxies. 

These initial maps, taken over a 
one-week period, clearly reveal bright 
foreground radiation from stars, dust 
in our own Solar System, and interstel¬ 
lar dust. DIRBE maps half the entire 
sky every day at 10 different wave¬ 
lengths and it covers the entire sky in 
6 months. 

At the AAS meeting, Dr Nancy W 
Boggess, Deputy Project Scientist, 
gave an overview of the mission, re¬ 
porting that COBE has met or ex¬ 
ceeded all design goals. At launch, all 
systems deployect as planned. The 
RF/Thermal Shield, which protects all 
three instruments from solar and ter¬ 
restrial radiation, Is more spectacular 
than hoped. 

This efficient shield results in a 
lower than anticipated temperature of 
the dewar, the giant thermos bottle 
that maintains the FIRAS and DIRBE 
at operating temperatures below 2 
degrees K. The dewar now operates 
at 1.4 degrees K, though designed for 
1.6 degrees K less. The lower tem¬ 
perature will enable the detectors of 
the COBE instruments to be more 
sensitive. It also makes the lifetime of 
the liquid helium, which keeps the 
dewar cryogenically cooled, longer 
than the original 12 to 14 months. It is 
now expected to last 430 days. 

COBE was launched Nov 18 1989, 
aboard the last NASA-owned Delta rocket, 
from the Vandenberg Air Force Base, Calif. 
COBE is managed by NASA’s Goddard 
Space Right Centre, Greenbett, Md, for the 
office Space Science and Applications. 
GSFC is responsible for the design, devel¬ 
opment and flight operations, as well as for 
the development of the analysis software 
and for the production of the final mission 
data sets. 
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Hubble Delayed Again 


Booster Doubts 

The launch of the Hubble Space 
Telescope has been delayed until 
April 19 at the earliest. The pos»- 
ponement Is due to concerns about 
the safety of one of the Solid Rocket 
Boosters (SRBs) slated for the ST3- 
31 mission. Discovery was origi¬ 
nally scheduled to deploy the tele¬ 
scope on March 26. 

The delay Is to allow time to remove 
and replace the aft SRB segment and 
nozzle of the right hand booster. NASA 
engineers decided to make the 
change because they could not verify 
that a critical joint in the SRB nozzle 
had been properly leak-checked at the 
factory. Although the booster manu¬ 
facturer, Thiokol, said the test was 
carried out correctly, documentation 
failed to prove this was the case. 

NASA was taking no chances. 

“The factory leak check in question 


NASA 

International 

NASA has named a three nation 
crew for the International Micro- 
gravity Laboratory (IML)-I Space- 
lab mission due to take place late 
this year. 

Ronald Grabe will be making his 
third space flight on the STS-42 IML-1 
mission. Assigned as spacecraft 
commander, Grabe previously flew on 
STS 51-J and STS-30 as pilot. 
Stephen Oswald, serving as pilot, will 
be making his first flight. Mission 
Specialist William Readdy will also be 
making his first flight. NASA an¬ 
nounced last year that Mary Cleave- 
and Norman Thagard were assigned 
to this flight as mission specialists. 
This will be the third flight for Cleave, 
who flew as mission specialist on STS 
61-B and STS-30. Thagard’s flight will 


Postpone Shuttle 

is absolutely necessary to ensure that 
the joint or the O-rlng on that joint is 
not defective in any way," said Bob 
Crippen, shuttle programme director. 
“In this case we believe it was neces¬ 
sary to take a conservative approach 
and have decided to replace the joint 
with one that has an absolutely clean 
bill of health. All of us in the programme 
are looking forward to launching the 
Hubble Space Telescope, which will 
be one of the most exciting missions 
of 1990.” 

The right SRB aft segment and 
nozzle were taken off the Mobile 
Launch Platform on January 23 in the 
Vehicle Assembly Building at the 
Kennedy Space Center. They will be 
replaced with segments due to be used 
on the STS-35 mission. 

Meanwhile the Gamma Ray Obser¬ 
vatory launch has been delayed until 
November 


Names 
Shuttle Crew 

be his fourth - he flew as a mission 
specialist on STS-7, STS 51-B and 
STS-30. 

Ulf Merbold of ESA and Roberta 
Bondar of the Canadian Space Agency 
(CSA) have been designated as the 
prime payload specialists for STS-42. 
Their back-ups are Roger Crouch of 
NASA Headquarters and Kenneth 
Money of CSA. Merbold, of West Ger¬ 
many, will be making his second space 
flight. He was a payload specialist 
aboard STS-9 Spacelab mission. 

IML-1 is the first of a series of micro¬ 
gravity investigations using the 
Spacelab long module. An interna¬ 
tional team consisting of over 200 
investigators from more than a dozen 
countries will focus on materials and 
life sciences. 


NEWS IN BRIEF 


West Germany to Quit 
Hermes and Columbus? 

Wolf-Michael Catenhusen, chairman of the 
West German Bundestag's Science and 
Technology Committee told the country’s 
parliament “We are talking about Germany 
giving up Hermes and Columbus." He admit¬ 
ted that if this were to happen, it would al¬ 
most certainly lead to diplomatic friction. 

French Book 
Five Mir Flights 

According to sources at CNES, the agree¬ 
ment signed between the space agency and 
the Soviet trade organisation Licensintorg 
covers five flights to Soviet space stations 
over ten years. The first is due to take place 
in 1992. CNES is reportedly recruiting six to 
eight additional astronauts for the mission. 
The first crew will begin their training for the 
1992 space flight in September. 


Spy Satellite Revelations 

A new book by Jeffrey Richelson reveals 
some of the secrets behind the United 
States’ reconnaissance satellites. He 
writes that the electronic cameras of the 
KH-11 spy satellite, still in use today, can 
distinguish objects as small as six inches 
across, compared with early US reconnais¬ 
sance satellites, codenamed Corona, 
which were capable of distinguishing ob¬ 
jects about ten feet across using a KH-4A 
camera. 

Ariane Contract 

Arianespace has signed a contract with GE 
American Communications, Inc. for the 
launch of the SATCOM C3 communication 
satellite. Launch is scheduled for the end of 
1992. As of January 22 the company’s or- 
derbook stood at 32 satellites to be 
launched worth about $22 billion. Arianes¬ 
pace reports a total revenue.of FF3.790 
million and a net profit between FF130 and 
140 million. 


Polar Platform Change 

NASA Administrator Richard Truly has 
approved a plan to transfer the manage¬ 
ment of the Freedom polar orbiting platform, 
currently under development by the Office 
of Space Right to the Office of Space Sci¬ 
ence and Applications which has responsi¬ 
bility for the proposed Earth Observing 
System (EOS) programme. Current plans 
call for the polar platform to be launch in 
1998 on a Titan IV rocket from Vandenberg 
Air Force Base. The platform will have an 
orbital lifetime of at least five years. 

NASA Appointment 

Nasa has appointed Thomas Utsman as the 
Deputy Administrator for Space Right. Ut¬ 
sman is replaced in his former post as Dep¬ 
uty Director of the Kennedy Space Center 
by James ‘Gene’ Thomas. 


New Shuttle Schedule Reflects Delays 

Mission Orblter Launch Payload 


STS-36 

Atlantis 

Feb 22 

STS-31 

Discovery 

Apr 18 

STS-35 

Columbia 

May 9 

STS-38 

Atlantis 

July 9 

STS-40 

Columbia 

Aug 5 

STS-41 

Discovery 

Oct 5 

STS-37 

Atlantis 

Nov 1 

STS-42 

Columbia 

Dec 12 


DoD 

Hubble Space Telescope 
Astro and BBXRT 
DoD 

Space Life Sciences - 1 
Ulysses 

Gamma Ray Observatory 
International Microgravity Laboratory 
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Mission Report 


As the mission of cosmonauts Aleksandr Viktorenko and Aleksandr 
Serebrov draws to a close, Neville Kidger continues his regular Mir 
Mission Report, bringing us up-to-date with the latest developments 
aboard the Soviet Union’s orbiting space station. His report covers 
the arrival of the Kvant 2 reequipment module and the series of space- 
walks made by the two cosmonauts in January. 


Radiation Alert 

While preparations continued on 
Earth for the launch of the delayed “D” 
Module, in space cosmonauts 
Aleksandr Viktorenko and Aleksandr 
Serebrov continued their work cycle. 

It emerged that there was concern 
regarding the levels of radiation that 
the two cosmonauts were being ex¬ 
posed due to increased solar activity 
(for an initial report on this situation 
see Spaceflight, December 1989, p. 
402). The work programme for the 
cosmonauts was altered so that they 
spent more time inside the Kvant 
module for extra protection during 
periods when the space complex 
passed through areas of Earth’s orbit 
with higher than normal radiation lev¬ 
els. 

The Soviets identified three such 
areas - two close to the magnetic poles 
and one located east of Brazil known 
as the “anomaly". When solar activity 
is quiet the acceptable levels of radia¬ 
tion are not exceed, the Soviets said. 
But following flares beginning on 
September 29 the possibility existed 
for a dose of 8-9 rems to be experi¬ 
enced (during their entire professional 
lives Soviet cosmonauts' exposure to 
radiation should not exceed 400 rems, 
Soviet experts say). 

The cosmonauts were instructed to 
move into Kvant because that module 
had equipment around the walls which 
served as a radiation screen. Early on 
the morning of October 26 the level of 
radiation was measured at 3.9 rems 
which included 2.2 rems from the so¬ 
lar flares. This level, Soviet experts 
said, was 4 times lower than the per¬ 
missible exposure for a six month 
flight. Speaking for the radiobiological 
safety section, Professor Yevgheni 


By Neville Kidger 


Kovalyov said that’despite the fact that 
solar activity in 1989 was twice that of 
the previous year and the forecast for 
1990 was an increase in the current 
levels, there was no threat to Earth 
dwellers.’ 

Experiments In Space 

During mid-October the two men 
spent much time observing and pho¬ 
tographing the Earth’s surface, 
oceans and atmosphere; Additionally, 
they utilised the MKS-M and Spektr- 
256 spectrometers - the latter of Bul¬ 
garian manufacture - to observe the 
spectrum of the upper layers of the 
atmosphere over the tropics to study 
the ozone layer. 

The work was part of a Joint Soviet/ 
Cuban research programme code- 
named Atlantica-89 which sought to 
combine space-gathered data with 
aircraft observations and meteoro¬ 
logical data gathered by the station at 
Camaguey. The collected information 
could help determine the correlation 
between the state of the ozone layer 
and the formation of hurricanes, the 
Soviets said. 

The cosmonauts' daily observa¬ 
tions of the territory of the USSR in¬ 
cluded photography of areas of the 


* The Soviet Radiobiological Saiety Group 
was establ&ted in 1974 in preparation lor the 
ASTP flight. It is based at the Institute of 
Medico-Biological Problems in Moscow. Ra¬ 
diation monitors are mounted outside the Mir 
complex and the cosmonauts carry individual 
dosimeters. In addition, Meteor satellites 
carry detectors to measure radiation levels 
which are monitored by the group. 


Ukraine, Krasnodar, Stavropci, 
Moldavia, the Caspian Depressicn 
and Turkmenia. The Soviets said that 
pictures were being beamed back to 
Earth for study by specialists. 

By month’s end fuel had been trans¬ 
ferred from the Progress-Mi up¬ 
graded cargo craft Into Mir’s tanks. 
The refuelling was significant because 
it was the first time that fuel had been 
transferred from the front docking 
unit. All previous transfers had been 
from the rear port of Mir or through 
Kvant. 

Astronomical observations were a 
part of the workload with continued X- 
ray and UV scans of stellar targe s 
using the telescope suite located on 
the Kvant module. 

The men continued their daily exer¬ 
cise programme and routine technical 
maintenance and replacement work to 
ensure the functioning of the station. 

The first week of November saw 
more Earth photography. On Novem¬ 
ber 9 an experiment was completed in 
the Gallar processing unit when a zinc 
oxide monocrystal was obtained. 

Between November 11 and 14 the X- 
ray telescopes were trained on a pul¬ 
sar in the constellation of Aquarius. 
Tests of the accuracy of the solar ori¬ 
entation system sensors were con¬ 
ducted. 

Progress-Mi’s engine was used to 
slightly adjust the orbit of the complex 
and on November 16 the orbit height 
was 399 x 404 km with a period of 92.59 
minutes. 

Modules Readied for Launch 

On November 16 TASS reported 
that the launch of the second module 
to Mir- the “D" or re-equipment mod¬ 
ule - was now set for November 26. The 
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launch had first been set for April 1989 
but was put off until mid-October. 

In October the launch was further 
delayed for 40 days because, accord¬ 
ing to Soviet sources, of faulty elec¬ 
tronic memory chips supplied by a 
factory In Voronezh. However, ac¬ 
cording to the module’s chief de¬ 
signer, Dmitri Poloukhin, the compo¬ 
nents delivered for the new module 
were of high quality. It was decided to 
replace the chips after corrosion had 
been discovered In similar compo¬ 
nents used elsewhere. The examina¬ 
tion of all the elements took about a 
month. The microchips were used In 
the “Kurs” (“Course”) rendezvous and 
docking system. 

Kvant 2 In Flight 

At 1301 (all times GMT) on Novem¬ 
ber 26 a three-stage Proton carrier 
rocket lifted off from the Baikonur 
cosmodrome and placed into orbit the 
“D” Module which was immediately 
named Kvant 2. The launch was re¬ 
layed live on Moscow Radio. 

The module had a mass at launch of 
19,565 kg. It was 13.73 metres long 
with a maximum diameter of 4.35 
metres. Internal volume was 59 cubic 
metres. 

In an earlier report a Soviet newspa¬ 
per stated that the module would 
weight 23.5 tonnes at launch and 
would have solar panels added after 
docking by means of an EVA. 

However, during the first communi¬ 
cations session with the module in its 
339 x 221 km orbit it was announced 
that the module carried its own solar 
arrays and, disturbingly, telemetry 
showed that one of them had not 
opened fully. Attempts to command 
the panel to open fully on the next 
orbital pass were unsuccessful. 

The controllers formed a team to 
trouble-shoot the problem. The group 
included the veteran Soviet cosmo¬ 
naut Vladimir Dzhanibekov who, at the 
time was preparing to return to 
Moscow from London where he had 
attended the announcement of the 
final two Juno candidates. He was first 
advised of the problem by Spaceflight 
and conceded that it might prove to be 
a serious problem. 

Writing in the Soviet press, cosmo¬ 
naut Aleksandr Laveikin revealed that 
the planned docking could still take 
place without full deployment of the 
panel. In that event the two Mir cosmo¬ 
nauts would need to make an EVA to 
free the panel. 

The systems of the module which 
were not vital to the rendezvous were 
powered down to save electrical 
power. The panel should have pro¬ 
duced 3.5 kW. To further complicate 
the control situation, the engines lo¬ 
cated close to the partly-opened panel 
could not be used. 

In an interview with an American 


journalist Dmitri Poloukhin said that 
the problem was with the right hand 
solar panel which had four folded 
sections held to the hull of the module 
by a saw-tooth-type lock. This launch 
lock was to have moved back about 60 
degrees to allow the panel to fully 
deploy but Poloukhin doubted that it 
had moved at all. 

The result was that only the outer 
three sections of the panel had un¬ 
folded and locked rigidly. The panel 
began to supply limited amounts of 
power but even this was lost when the 
rigid panel began to “flop” to-and-fro. 
Controllers experienced difficulties In 
calculating the dynamics of the mod¬ 
ule’s flight during this period while the 
array was not In one specific place. 

During November 29 a two-impulse 
manoeuvre was made by Kvant 2 
which resulted In an orbit with the 
height of 413 x 344 km and a period of 
91.8 minutes. Tests were being per¬ 
formed on the Kurs system during that 
day. 

In preparation for the EVA which 
might be needed to unfold the solar 
array, specialists had developed a 
new tool which had been manufac¬ 
tured and would be launched on the 
Progress-M2 cargo ship which was 
then scheduled for December 20. 
However, this was not required be¬ 
cause on November 30 the panel was 
opened. 

According to Poloukhin, the control¬ 
lers had devised a method to open the 
panel which Involved rotating the 
stuck panel using its electric motor and 
rolling the Kvant 2 module at the same 
time. The screw-like action had the 
desired effect and the fourth section of 
the panel was unfolded, much to the 
relief of the designers and controllers. 

Progress-Mi Departs... 

At 0902 on December 1 the Prog- 
ress-MI cargo ship was undocked 
from Mlr’s front port leaving it free for 
Kvant 2. At an unspecified time shortly 
after the undocking the engines of the 
cargo craft were Ignited to send it to a 
destructive reentry In the upper layers 
of the atmosphere. 

... As Kvant Arrives 

The same day, TASS also an¬ 
nounced that Kvant 2 had manoeuvred 
closer to the orbital complex but gave 
no new parameters. Docking was 
scheduled for 1425 on December 2. 

Over two hours past the scheduled 
docking time TASS gave a statement 
to the effect that the docking had been 
postponed to December 6 due to a 
faulty automatic system controlling 
the module. 

Veteran cosmonaut Aleksandr 
Aleksandrov later described what had 
happened. He said both the module 
and station possessed immense 
memories in their computers for con¬ 


ducting the necessary computations 
for orbit and docking. “Each machine 
and each control sub-centre in our 
control centre worked with Its own 
machine, and each machine was given 
its own assignments,” he said. “How¬ 
ever, when the machines began to 
combine these assignments between 
one another it turned out that they 
were working In slightly different lan¬ 
guages ... the intelligent machine, the 
module, decided that since the para¬ 
meters did not coincide it was neces¬ 
sary to simply halt the process.” 

The approach to Mir had been halted 
when just 19 km separated the two 
spacecraft. 

On December 3 TASS reported that 
the orbit of the module had been ad¬ 
justed by means of a propulsive ma¬ 
noeuvre at 0938. During the next two 
days the cosmonauts on Mir, who had 
been involved In medical, astrophysi- 
cal and geophysical experiments In 
the days before the first docking at¬ 
tempt, took time to discuss the proce¬ 
dures for the revised docking attempt 
and conducted tests of the complex's 
onboard systems. 

At 0801 on December 5 another 
manoeuvre was conducted by the 
Kvant 2 which resulted in the module 
being In orbit of 419 x 404 km with a 
period of 92.6 minutes. 

The docking attempt on December 
6 was the subject of alive relay on 
Moscow Radio. Aleksandr Aleksan¬ 
drov described the atmosphere in the 
control centre as “calmer" than during 
the previous attempt. TV pictures 
transmitted later showed the final 
approach of Kvant 2, with Its two solar 
wings fully extended. The docking, at 
1221:30 was missed by the live radio 
relay due to an Interruption In the 
broadcast but TV pictures were broad¬ 
cast later. The docking was described 
later by Poloukhin as “one of the most 
precise we’ve had”. He also described 
the Kvant 2 module as the “most diffi¬ 
cult ’baby”' that the designers had had 
and they would remember the past 
days for a long time to come. 

TASS said that the combined mass 
of the complex now amounted to 63 
tonnes and the length of the “train" was 
40 metre. The next major portion of the 
mission would see the module re¬ 
docked to one of the side ports of the 
Mir’s multiple docking compartment. 
The operation was scheduled to be 
performed on December 8. 

At an unspecified time on that date 
the small remote controlled arm at¬ 
tached to the base of the Kvant 2 
module was unberthed. The two-seg¬ 
ment, single-joint arm has already 
been described In Spaceflight Once 
the arm was nestled in the receptacle 
on Mlr’s docking compartment, the 
Kvant was undocked and rotated 
around to redock with the side port. 

The operation took an hour to com- 
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plete and was given surprisingly scant 
coverage by the Soviets. The tight¬ 
ness of the seal between Mir and Kvant 
2 was checked after the Operation and 
the cosmonauts then opened the 
hatches between the craft to move 
through into the three compartments 
of the new addition to the complex. 

Soyuz TM-8 Redocks 

On December 12 Viktorenko and 
Serebrov entered Soyuz TM-8 and 
sealed themselves inside in prepara¬ 
tion for the operation to transfer the 
transport craft from the rear Kvant port 
to the Mir front axial port. 

At 0823 the spacecraft was un¬ 
docked and Viktorenko manually flew 
around the complex, conducting vis¬ 
ual inspections with Serebrov of the 
“boot-shaped" configuration. During 
the operation the complex was con¬ 
trolled by means of the power gyro - 
stabilisers of the Kvant 1 module. TM- 
8 was redocked after an autonomous 
flight lasting 20 minutes. 

Press Conference From Space 

One of the first tasks for the cosmo¬ 
nauts to conduct with the new module 
was the connection of the power units 
of Kvant and Mir, switching them to the 
general circuit of the base block. 

It was reported that the Kvant 2 
module could expect a lifetime of 
about three years. Kvant 2 was supply¬ 
ing about 7 kW of new power to the 
complex. (When it is docked, the "T” 
or Technology module will supply 
some 20 kW of power.) 

On December 14 the two cosmo¬ 
nauts gave a televised press confer¬ 
ence from space during which they 
showed reporters their new quarters. 
They described one of their new ex¬ 
perimental apparatus - the Inkubator- 
2 - which will be used to rear birds in 
the microgravity conditions of near- 
Earth space. 

During a question-and-answer ses¬ 
sion Viktorenko was asked to describe 
his feelings about the flight of a Soviet 
journalist to Mir, which is actively 
planned. He felt that it was a good thing 
but cautioned that the lucky candidate 
would need to be a specialist in some 
field to stop him being bored by the 
flight. 

Serebrov feigned offence when one 
reporter described the Icarus Manned 
Manoeuvring System on Kvant 2 as a 
“bicycle". The cosmonaut likened it 
more to a “motorcycle” which could 
operate for six hours outside the 
complex. 

Reporters were keen to known when 
the EVAs to test out the Icarus MMU 
would be held. Deputy Flight Director 
Viktor Blagov told them that the cos¬ 
monauts’ first EVA would be on Febru¬ 
ary 1, 1990 with a second five days 
later. This led some observers to be¬ 
lieve that the men' would conduct the 


first EVA of the five scheduled for the 
flight on the first date. In retrospect, 
however, Blagov was dealing with just 
the MMU EVAs.* 

Over the next few days the cosmo¬ 
nauts continued their work with Kvant 
2 and, in particular, brought on line the 
Elektron and Vika units to process 
oxygen through water electrolysis. 

Progress M2 In Flight 

At the previously-announced time 
of 0331 on December 20, the Progress 
M2 cargo spacecraft was launched 
from Baikonur into an initial orbit from 
which it manoeuvred upwards to dock 
with the rear Kvant 1 port at 0541 on 
December 22. 

The cargo craft delivered water, 
food, air, fuel, video-and-photo- 
graphic materials, tools and instru¬ 
ments and a 40 kg package of New 
Year presents for the men. But the 
most significant feature of Progress 
M2 was the delivery of a small experi¬ 
ment on a commercial basis for the 
American firm Payload Systems Inc. 

The company obtained an export 
licence for the payload from the Ameri¬ 
can government which has placed a 
ban on all high-technology experts to 
the USSR. Several US firms have 
reportedly shown interest in launching 
satellites aboard Soviet rockets but 
the US embargo - Jiotly disputed by the 
Soviets and their American commer¬ 
cial agents - has effectively prevented 
any western satellites from following 
the Tyratem starting base into space. 

The Payload Systems Inc. package 
is a sealed protein crystal growth 
experiment to which the Soviets, in¬ 
cluding the cosmonauts, have no ac¬ 
cess. The commercial agreement 
states that the cosmonauts’ function 
is to switch on the package for a proc¬ 
essing time of 56 days when it will be 
deactivated. The package is located in 
the Kvant. It was activated, as 
planned, on December 25. Soviet bio- 
technical experiments were activated 
the same day. 

The American package will be re¬ 
turned to Earth with Viktorenko and 
Serebrov. Payload Systems Inc. has 
signed for a further six three-month- 
long flights for similar units. 

Another important cargo of Prog¬ 
ress M2 was a set of storage batteries 
which the cosmonauts installed soon 
after the arrival of the ship. 

New Year In Orbit 

Cosmonauts Viktorenko and Sere- 

* Other reports said that future EVAs would 
include installations of star trackers and a 
cosmic ray detector, retrieval of the Soviet/ 
French package of experiments left outside 
by Cretien and Volkov in December 1988 
and the Icarus EVAs. Future modules to be 
launched would indude the technology, op¬ 
tical and international envi/xrvnBrrt models. 
The latter of these would be in mid-1991. 


brov celebrated the New Year in orbit, 
and were given the day off. TV pictures 
showed the cosmonauts presenting a 
New Year message to the peoples of 
the USSR to support the political line 
of President Gorbachev. Viktorenko 
wore a white American football shirt 
(number 82) while his flight engineer 
wore the standard penguin suit. 

The men had erected a plastic tree 
and their dinner included treats such 
as crispy pickles, fresh lemons, 
canned sturgeon, black currant juice 
and fruit. A chat with their families 
followed. 

Experiments continued in the Gallar 
unit with the smelting of a semiconduc¬ 
tor crystal which had a total duration 
of 150 hours. The melt had begun on 
December 26. The next experiment 
would involve smelting a gallium 
arsenide monocrystal. 

The men’s first EVA was scheduled 
for early January, TASS revealed on 
New Year’s Day. 

During January 3 and 4 the men 
checked their space suits and had a 
medical examination. On January 5 
training sessions were held in the 
suits. 

The cosmonauts also began obser¬ 
vations of biological experiments 
which had been delivered by Prog- 
ress-M2. These included research 
into the functional changes of the 
vestibular apparatus and reactions of 
the nervous systems In amphibians, 
crustations and mollusks as well as the 
study of the development of chroreha 
and rice tissue culture. 

On January 6 TASS said that the first 
EVA of the flight would take place In 
two days. 

Working In Open Space 

The task of the January 8 EVA, 
TASS revealed, was to place star 
sensors for orientation and the re¬ 
moval of samples of French compos¬ 
ite materials from outer panels. 

The time of the start of the EVA was 
also given in advance -1924 GMT - and 
the expected duration was to be 2V 2 
hours. 

At 2030 Radio Moscow reported 
that the EVA had begun after an hour’s 
delay. It was later reported that the 
delay was due to a potentially alarm¬ 
ing problem. 

Viktor Blagov later said that “as 
pressure was being released from the 
space between the hatches [the hitch 
happened]. We saw that pressure was 
falling practically simultaneously from 
the Soyuz which meant unambigu¬ 
ously that somewhere a valve was not 
shut. We found this valve. It was not 
shut This was an error in the crew’s 
work and Insufficiently rigorous moni¬ 
toring from Earth. The guilt here 
should be divided between both 
sides." 

At 2023 the hatch was opened. The 
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The Technology Module under construction at the Khrunichev machine-building plant The multiple docking unit tor the Buran Space Shuttle is visible on the 
left hand side of the photograph. The Khrunichev plant also manufactures consumer goods including children's bicycles. Novosti 


cosmonauts were using the base 
blocks multiple docking unit hatches 
for the first EVAs and would use the 
Kvant 2 airlock for later space walks. 
Serebrov was first out as the complex 
was bathed in the Earth’s shadow. 

Carrying the two bulky star sensors, 
each weighing 80 kg, the cosmonauts 
crawled along the surface of the sta¬ 
tion to the area of the Kvant 1 module 
where the suite of X-ray telescopes 
was located. There the men installed 
the sensors onto standard points and 
connected them to the general circuits 
of the station onboard equipment. 

The sensors were necessary, So¬ 
viet sources said, because the ap¬ 
pearance of the Kvant 2 module had 
caused the complex to assume an 
asymmetrical configuration. The new 
sensors would allow for automatic 
orientation using the stars and the Sun 
for better control of the complex. 

TASS later said that the distance 
that the cosmonauts had travelled 
during the EVA amounted to 35 metres 
- a Soviet record. 

Returning the EVA hatch the two 
men removed samples of exposed ma¬ 
terials and prepared new work sites for 


subsequent EVAs, hooks to which 
they might attach themselves to carry 
out wo.rk. They also cleaned the exter¬ 
nal panel of the station, TASS said. 

The EVA was ended after 2 hours 
and 56 minutes. It was later revealed 
that, due to the problem with the valve, 
the cosmonauts had only received a 
mark of “good" for the EVA. Four more 
EVAs were planned for the mission, 
the Soviets said. 

Second Space Walk 

The second EVA was scheduled to 
begin at 1748 o n January 11. The main 
tasks would include retrieval of 
samples and the swapping of a dock¬ 
ing device. 

At 1801 on the appointed day, the 
cosmonauts opened the hatch of Mir’s 
base block docking unit and moved 
outside. 

They fixed cassettes with samples 
of non-metaiiic materials onto the 
outer surface of the Mir station and 
then moved along the length of the 
complex to the Kvant 1 module. Once 
there they attached the Arfa equip¬ 
ment which would be used for further 
investigation of the Earth’s iono¬ 


sphere and magnetosphere. 

A panel with samples of materials 
and an experiment to register of mi¬ 
crometeorite flows had been placed 
outside Mir by Soviet cosmonaut A 
Volkov and Frenchman J-L. Cretien in 
December 1988. The panel developed 
by the ONES agency had originally 
been scheduled to be retrieved after 
six months. However, due to the de¬ 
lay to the launch of Kvant 2 and the tem¬ 
porary period of unmanned flight of the 
Mir complex, the experiment was 
being brought back inside after over 13 
months of exposure to space factors. 

During the Soviet/French EVA an 
experimental structure, called ERA, 
had been deployed temporarily out¬ 
side the station before being jetti¬ 
soned. The platform for the ERA struc¬ 
ture was still attached to Mir’s exterior, 
Viktorenko and Serebrov dismantled 
the mount and returned it, along with 
the panel, into Mir’s interior. 

Once back inside the docking unit, 
the cosmonauts removed the cone 
from the port where the Kvant 2 was 
moored. The unit was a special attach¬ 
ment unit for the large modules and 
needed to be fixed onto the opposite 
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THE SOVIET MANNED MANOEUVRING UNIT 

Models by Phil Mills illustrate the Soviet Union’s Manned Manoeuvring Unit (MMU) in action. The Unit was first tested by 
Aleksandr Serebrov on February 1. A second space walk using the device was made on February 5. The MMU had been deliv¬ 
ered to Mir aboard the 0 module. In the bottom lefthand picture the MMU is pictured in dose-up when it appeared at the Paris 
Air Show last June. 


docking port in readiness for the arri¬ 
val of Kvant 3 - the Technological 
Module, upon which a great deal of 
credibility rests for the future of the 
Soviet space programme. Launch of 
that module is scheduled for the end 
of March. 


After an EVA of 2 hours and 54 
minutes, the cosmonauts closed the 
hatch of the unit. 

The next report, on January 16, said 
the men were performing further ex¬ 
periments with the Gallar unit to grow 
a gallium arsenide monocrystal. The 


re-activation of sanitary and hygienic 
support systems of the Kvant 2 serv¬ 
ice module was also being performed 
- the module contains a shower unit. 

As the work continued, the Soviets 
revealed that the third EVA was sched¬ 
uled for January 26. 
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MIR MISSION REPORT - UPDATE 


Soviet Manned Manoeuvring Unit 

Makes its Debut 


The Soviet manned manoeuvring 
unit (Russian acronym YMK) was 
tested In orbit for the first time by 
cosmonaut Aleksandr Serebrov on 
February 1. The unit was tested for 
a second time on February 5. 

The first YMK space walk began at 
11:15 Moscow time on February 1. 
During the four hour, 59 minute space 
walk Serebrov tested the unit at a dis¬ 
tance of 33 metres from the Kvant-2 
hatch and made a number of ma¬ 
noeuvres. 

After leaving the hatch Serebrov 
was attached to a docking device by a 
grapple unit on his chest. The struc¬ 
ture had been installed on the exterior 
of the Kvant-2 module during the cos¬ 
monaut’s third space walk on January 
26, which was the first EVA from the 
Kvant-2 one metre diameter airlock. 
Once securely attached to the dock, 
Serebrov began the activation of the 
YMK. He lifted the unit’s two control 
arms from their stowed positions, 
switched on the navigation beacons 
and checked-out the various systems. 

With all systems operational Sere¬ 
brov released himself and began to 
move away from Kvant-2. Viktorenko 
stayed at the airlock and recorded his 
comrade’s movements with a video 
camera. Soviet television interrupted 
a film to show coverage of the historic 
space walk. Serebrov was also able to 
take footage with a camera attached 
close to his helmet. 

Throughout the space walk Sere¬ 
brov remained tethered to Kvant-2 in 
case the YMK malfunctioned. 
Viktorenko operated a winch to control 
the length of the tether. In an emer¬ 
gency he would have been able to 
winch Serebrov back to safety. The 
first tests of the American Manned 
Maneuvering Unit were not tethered. 
If a malfunction had occurred the 
Space Shuttle would have been ma¬ 
noeuvred to ‘scoop’ up the astronaut 
in the payload bay. Such a manoeuvre 
is not possible with Mir and the safety 
conscious Soviet space managers 
insisted on a tether despite the fact the 
cosmonauts dislike the tether be¬ 
cause it interferes with the YMK’s 
movement. 

After the initial test programme was 
completed Serebrov returned to the 
Kvant-2 module, attached the unit to 
the docking structure, deactivated it, 
returned the control arms to the 
stowed position and climbed back 
through the one metre Kvant-2 airlock. 

“Engineers are satisfied with the 
results of the first stage of the test 


flight," Gai Severin, the YMK’s de¬ 
signer, said after the EVA. 

After three days rest the cosmo¬ 
nauts were back outside the space 
station. This time it was commander 
Aleksandr Viktorenko’s turn to use the 
YMK. The two cosmonauts opened the 
Kvant-2 hatch at 09:08 Moscow time 
on February 5. 

In addition to further tests of the 
YMK system the space walk saw the 
start of the first practical uses of the 
manoeuvring unit. Viktorenko carried 
a portable instrument attached to his 
suit to measure X-ray and gamma 
radiation. The device called the Spin- 
6000 spectrometer was designed and 
built by the Leningrad Radium Insti¬ 
tute and delivered to Mir aboard Prog¬ 
ress M-2. Viktorenko took measure¬ 
ments at various distances from the 
space station. The instrument was 
carried to determine how much radia¬ 
tion the Mir complex was emitting. 
Exposed to the harsh radiation of 
space, the hull of station becomes a 
source of radiation itself. Space scien¬ 
tists need to know how this secondary 
source of radiation affects the interior 


of the space station and the environ¬ 
ment surrounding it. The instrument 
will also be used to record radiation 
levels inside Mir. Data gathered will be 
used for designing future spacecraft 
and ensuring the safety of the space 
station crews, especially during large 
solar eruptions. 

During the second YMK space walk 
Viktorenko tested the unit in its differ¬ 
ent modes. The YMK’s 32 jets can be 
operated in either semi-automatic or 
direct control mode. The semi-auto¬ 
matic manoeuvring can be effected in 
propellant-saving or boosted mode. 

During the walk Viktorenko trav¬ 
elled 45 metres from Mir. The entire 
space walk covered a total distance of 
200 metres. The YMK is capable of 
travelling 100 metres from its parent 
spacecraft, either Mir or the Buran 
space shuttle. However, the tether 
limits the YMK’s range to 60 metres. 

The YMK was developed and built by 
the Zvezda plant which specialises in 
the production of space suits and ejec¬ 
tion seats for fighter aircraft. Work on 
the unit began in 1985 and was com¬ 
pleted under four years later. 


Soyuz TM-9 Blasts Off 


Cosmonauts Anatoli Solovyov and 
Aleksandr Balandin were launched 
from the Baikonur Cosmodrome on 
February 11. They are due to replace 
Aleksandr Viktorenko and 
Aleksandr Serebrov who have 
manned the space station since 
September 1989. 

The Soyuz TM-9 spacecraft blasted off 
from Baikonur at 06:16 GMT on February 
11. The launch was carried live on Soviet 
Television and Moscow Radio. Present at 
the launch were US astronauts Dan Bran- 
denstein, Ronald Grabe, Jerry Ross and 
Paul Weitz. Soyuz TM-9 was scheduled 
to dock with Mir on February 13. 

The Soyuz TM-9 and its launcher were 
erected on the launch pad on the morning 
of February 9. The crews had arrived at 
Baikonur two weeks earlier. 

Anatoli Solovyov is making his second 
space flight, he previously commanded 
the 1988 Soyuz TM-5 mission. Flight 
Engineer Aleksandr Balandin, aged 36, 
was born in Fryazino, Moscow Region. 
He studied at Moscow’s Nikolai Bauman 
Higher Technological School and now 
works at the Energia Scientific and Tech¬ 
nology Association. Both cosmonauts 
are trained to use the Soviet Union’s YMK 
manned manoeuvring unit. 

Solovyov and Balandin’s back-ups 


were Gennady Manakov (Commander) 
and Gennady Strekalov (Flight Engi¬ 
neer). 

Viktorenko and Serebrov are due to 
return to Earth aboard the Soyuz TM-8 
capsule on February 19. During their six 
month mission they have carried out nu¬ 
merous scientific experiments, received 
and activated the Kvant-2 Reequipment 
Module and conducted five space walks 
including two with the YMK unit. 

The Soyuz TM-9 crew will receive the 
Reequipment module which is tentatively 
scheduled for launch on March 30. The 
module will dock with Mir on April 7/8. 

The Soyuz TM-9 mission is due to end 
on July 30. The launch of Soyuz TM-10 
with a replacement crew is expected 
about July 22. 

Mir Relay Satellite Launched 

The launch of Cosmos 2054, on Decem¬ 
ber 27 saw the reactivation of the Luch 
system. Luch relays communications 
between the Mir space station and ground 
stations in the Soviet Union. Cosmos 
2054 has already been declared opera¬ 
tional. It was involved in tests during the 
undocking of Progress M-2. Spaceflight 
understands the launch of a second Luch 
relay satellite is imminent. 
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Soviet Moon Rocket 

Sir, The article by Neville Kldger‘(Spacefl/gM; January 
1990, p.4) offers an interesting insight to the genesis of En- 
ergla. His remarks actually minimize the competitive hos¬ 
tility that existed between V.P. Glushko and N.D. Kuznet¬ 
sov in the design of the engines for the ill-fated N-1 rocket. 

Kuznetsov was at the Kuybyshev Aviation Institute and 
set forth a design decidedly different from that designed by 
Glushko. The latter was responsible for the Proton engines 
which use storables and he apparently chose the same type 
for the N-1. Kuznetsov developed a liquid hydrogen/liquid 
oxygen engine and ran it in a series of tests for 14,000 
seconds. Glushko being the senior academician selected 
his engine for the N-1 and, of course, its failures are well 
know as is the consequent lack of a manned lunar landing 
program by the USSR. 

The following quote by Mishin from an interview between 
Soviet correspondent A. Tarasov and Vasily Mishin (Kor¬ 
olev’s successor) published in Pravda of October 20, 1989, 
page 4, says it all! 

"First, the very birth of the lunar program should have been 
not as a race, but for well considered goals. The USSR Acad¬ 
emy of Sciences Lunar Commission did not in any way set 
those goals. Incidentally, if you noticed, US- President Bush 
recently announced the intention to move on to the develop¬ 
ment of an industrial and interplanetary base. There you have 
it if we had not halted the program we could already have had 
this base without any anguish or haste. First of all, we would 
not have lost a heavy launch vehicle that had what I reckon is 
the best engine in the world, superior to the Saturn V. Yes, I 
make no reservations. In those years, Kuznetsov, in his own 
interests and at his own risk, developed the engine in Kuyby¬ 
shev and had it running on a test stand for 14,000 seconds. It 
takes only 150 seconds for injection of the rocked. Thus, there 
was no need to start Energia from scratch, where Glushko's * 
side engine, which is oxygen propelled, costs more than gold 
does in comparison with Kuznetsov’s.” 

With great reluctance Glushko finally had to realize that 
LH2/LOX was the optimum chemical combination. His pres¬ 
ence in the Soviet space programme was evidently a huge 
hindrance to real progress. 

SAUNDER B. KRAMER 
Maryland, USA 

Ed. - Spaceflight is pleased to present a translation of 
Mishin’s interview on p. 104-105 of this issue. 

The Adventure of Space 

Sir, With reference to Mr Glorglnl’s letter in your December 
89 issue "Unmanned to Mars and a Cleaner Earth”, I feel 
moved to make the following observations. 

Were it in fact true that we were in an “either a cleaner 
planet or the manned exploration of the solar system”, situ¬ 
ation, then the effort and resources expended in manned 
space flight would of course be totally indefensible. But it is 
not as simple as that. 

If we have no long term plan to tackle the problems that 
beset our environment, if we cannot provide sufficient food, 
shelter, or medical assistance to large sectors of the plan¬ 
ets population, it is not because we lack the resources to 
overcome these problems, but because when viewed on a 
global scale, governments have been too short sighted, too 
inept or simply too corrupt to give consideration to anything 
but short term nationalistic policies. 

Given a concerted international effort, there is no reason 
at all why within twenty to thirty years,we should not have 
developed new environmentally friendly sources of power 
for our road vehicles such as electricity, organically derived 
alcohol, or hydrogen. Within the same time scale we could 
at least have made a start on converting our power genera¬ 
tion industries from the short term polluting fossil fuels such 
as coal and oil, and the long term polluting such as nuclear 


fission, to much more ecologically sensible power sources 
such as solar, wind geothermal, wave and even nuclear 
fusion. Without the obstacles of ineptitude and corruption 
that beset so much of the “Third World” we could undertake 
programmes which in a very few years would free the world 
forever of the scourges of famine and plague. 

With global co-operation we could do all these things and 
still undertake a massive programme of manned explora¬ 
tion of the solar system. 

In common with many others Mr Giorgini, quite reasona¬ 
bly asks why we should bother to go to the other bodies in 
the solar system when our machines can undertake the 
scientific research we require, and stimulate our imagina¬ 
tion by sending back high quality pictures of the things which 
they encounter. The fact is that human beings can do 
something which probably no other creature on this planet 
and certainly no machine can do. They can have adven¬ 
tures. 

While we can no more be stimulated by looking at a pho¬ 
tograph of a mountain instead of going out and climbing it, 
neither can we as a race be stimulated by the worlds which 
surround us unless we at least attempt to reach them our¬ 
selves. Of course, only a tiny handful of the billions of human 
beings who live on the Earth will ever have the opportunity 
to travel to other planets, but through them the rest of us will 
experience the stimulus of their adventure, and regardless 
of what is discovered, or what is ultimately achieved, for this 
reason manned travel in space is not simply a means to an 
end, but should even be regarded as an end in itself. 

The only manned expedition to another heavenly body 
thus far undertaken (the Moon), was overtly and unasham¬ 
edly geared towards stressing national prestige.Our future 
expeditions to the planets (and for that matter our future 
utilisation and exploitation of near space) should undoubt¬ 
edly be undertaken on a completely international basis, not 
only because of the admittedly vast resources that will be 
required, but as importantly, because it will serve to under¬ 
line the fact that at last mankind is come of age, and is 
preparing to meet the future, not as a collection of small 
isolated introspective xenophobic tribes, but as a single 
unified species prepared to meet future hardships, and 
rewards together. 

To use a much overworked cliche our machines will 
“boldly go where no man has gone before”. However, they 
should only ever be regarded as the vanguards of future 
manned missions, for not only is it our right to develop the 
means to travel through space, it is our duty to the genera¬ 
tions which will follow us, for we are unlike any other crea¬ 
ture on this world, our entire existence is not simply about 
our own instincts for survival and continuation, it is also 
about our instinct to push back our own perception and 
knowledge of the universe which surrounds us. To deny that 
instinct which has brought us out of our primordial homes in 
the caves, and it is that instinct which will ultimately take us 
to the stars. 

ALAN MARLOW 
Bucks., UK 

Soviet Air Launch Possibilities 

Sir, A Soviet aerospace plane has been proposed launched 
from top of an AN-225 aircraft. Dimensions deduced from 
relatively crude drawings [1] indicate a spaceplane with a 
span of ~15m and overall length of ~32m with engines or 
~30m for the fuel tank (5.3m diameter) which has a high 
tapering than the central tanks of either the Energia or US 
Shuttle systems. 

Rough volume calculations give the tank a value of —1/5 
of the Energia central tank and hence a mass of approxi¬ 
mately 160 tons. The total mass with wings, engines and 
spaceplane fuselage plus payload is expected to be around 
200 tons, well within the AN-225 capability without any 
modifications to the aircraft, in contrast to the Teledyne 
Brown Engineering (TBE) spaceplane by Mr DeLong [2]. 
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The Galileo probe atop its IUS booster is deployed from the Space Shuttle 

The engines of the spaceplane would almost certainly 
be of the same type as used on the second stage of the SL- 
16 “Zenit” launcher, having a thrust of about 130 tons and 
reducing the time required to develop the spaceplane. It 
may be assumed that the spaceplane’s size would be deter¬ 
mined by the availability of rocket motors giving a total thrust 
of ~260 tons, rather than designing a system based on the 
maximum payload capacity of the AN-225. 

This fast and safe method of design could possibly be 
tested by 1995, ahead of any of its Western counterparts. 

A system similar to the German Sanger Project may also 
be under consideration. According to Ref.3 Soviet officials 
have contacted both West German and US officials c.i 
possible participation in Western hypersonic programmes. 
The Tupolev Design Bureau showed a model of a Mach 5 
passenger transport that could be the backbone for realis¬ 
ing such a project [4,5]. 

M. Q. Hassan 
IRAQ 
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Atlantis on October 18, 1989. See Galileo Photo letter. 

NASA/Smithsonian Institution 

Galileo Photo 

Sir, 1 was disappointed to see you did not publish a colour 
photograph of the deployment of the Galileo probe. The 
photograph that appeared on p.419 of the December 1989 
Spaceflight hardly showed Galileo itself. Television cov¬ 
erage failed to show the probe, only the white IUS booster 
floating up out of sight, viewed from the aft payload bay. 

I cannot believe NASA failed to instruct its astronauts to 
photograph the Galileo/IUS combination with either a wide- 
angle lens, or else during tilt-table elevation operations as 
taken during previous TDRS/IUS deployments. 

GUY PARRY 
Melbourne, Australia 

Ed.- When we prepared our STS-34 Mission Report very few 
photographs of the Galileo deployment available. The 
length of the Galileo/IUS combination made it very difficult 
for the crew to capture a full-length shot of the departing 
spacecraft through the small windows at the rear of the flight 
deck. However, we are now able to reproduce a photograph 
of the deployment just released by NASA and the Smith¬ 
sonian Institution. The picture was taken from a frame of 
the 70mm IMAX film recorded during the flight. 
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“One Small Step" - The Apollo Missions, The 
Astronauts, The Aftermath: A Twenty Year Perspective 

T. Fumiss, G.T. Foulis & Co. Ltd., Sparkford, Nr. Yeovil, Somerset 
BA22 7JJ, 1989, 151pp, Cl 5.95. 

Twentieth July 1989 marked the 20th Anniversary of that moment 
when the world stood still to watch Neil Armstrong take "One small 
step lor man, one giant leap for mankind". 

That first Moon landing, and the six which followed, represented 
a pinnacle in man’s desire to push further into the bounds of the 
unexplored and captured the imaginations of millions across the 
world. 

This book recreates the exhilaration of the Apollo Missions as 
experienced by the watching public and reflected in the massive 
contemporary media coverage. 

Who were the 12 men who walked on the Moon; why and how were 
they selected? How did their experiences affect them and how has 
the world treated them since? The book chronicles part of the lives, 
achievements and failures of these extraordinary yet very human 
men. 


Communications Satellite Handbook 

* 

W.L Morgan & G.D. Gordon. John Wiley & Sons Ltd., Baffins Lane, 
Chichester, W. Sussex, P019 1UD. 1989. 900 pp. £47.35 

This is a book about communications satellites, the traffic, multiple- 
access techniques, link budgets, geostationary orbits etc., de¬ 
signed to explain to System Designers, Earth Station Operators and 
advanced students how satellites function and how they are used 
for voice, video ancf data communications. It includes the informa¬ 
tion needed to analyze, design and use a satellite system for tele¬ 
communications. Graphs, tables and illustrations have been added 
to enable users to solve problems and verify their answers by cross¬ 
checking with alternate solutions. Formulae have been designed for 
use with scientific calculators or personal computers. 

The authors, who have worked with communications satellites 
since the first launchings in the early 1960’s, have produced a basic 
reference book which provides an excellent bridge between theory 
and practical experiences. 


Commercial Utilization of Space: An International 
Comparison of Framework Conditions 

M. Harr-Rajivkohli, Battelle Press, 505 King Avenue, Columbus, 
Ohio 43201, U.S.A., 1989, 172pp. $44.50. 

Although the development of space activities was motivated initially 
by such matters as national prestige, military leadership or scien¬ 
tific space research, for some time now the utilization of space for 
commercial purposes has been assuming greater importance. Ma¬ 
jor segments of telecommunications and navigation have already 
been commercialised and although remote sensing is operated 
commercially to some extent, the utilization of microgravity in space 
has not yet attracted any significant industrial activity. 

The present book, based on an original German report presented 
in June 1987, points out that the commercial utilization of space for 
remote sensing and microgravity applications, for example, will 
soon be presenting international business opportunities though, to 
be successful, such ventures must meet certain requirements. 
These cover a wide range such as basic economic, technical, irrfras- 
tructional, market, political and legal requirements. The book deals 
with these as well as describing the roles played by Government 
University and Industry, all essential to scenarios for successful 
space commercialisation. 


Getting the Measure of the Stars 

W A Cooper & E N Walker, Adam Hilger, Techno House, Redcliffe 
Way. Bristol, BS1 6NX, 1989, 293pp, £14.95. 

For many years amateur astronomers were able to make astronomi¬ 
cal observations of equal quality to those of their professional col¬ 
leagues and, hence, could participate in the intellectual challenge 
of advancing knowledge of the Universe. During most of this cen¬ 
tury, however, the growing cost and complexity of telescopes and 
associated instruments have made this much more difficult, but the 
advent of home computers has now caused the pendulum to swing 
back once more and so the time is ripe for amateurs to join their pro¬ 
fessional colleagues once again in the excitement of discovery. 

This book aims to bridge the gap between the skilled, dedicated 
amateur and the professional, both of whom seek to understand the 
nature and evolution of stars. The first part of the book explains how 
and why stars have varying brightnesses and what information this 
provides about their structures and physics. It goes on to discuss 
how to make brightness measurements and to assess their accu¬ 
racy. A final section outlines possible projects, the observations 
needed and how these could be used to enhance our present level 
of knowledge. 


THE SEARCH FOR EXTRATERRESTRIAL 
INTELLIGENCE 

E. Ashpole. Blandford Press, Cassell PLC, Artillery House, Artillery 
Row, London SW1P 1RT. 1989. 170pp. £14.95. 

The search for extraterrestrial intelligence (SETI) nowadays is 
many times more efficient than earlier radio astronomy attempts. 
Both NASA and several Universities have developed special com¬ 
puter systems and receivers for observational programmes ex¬ 
pected to be carried on into the next century. The magnitude of the 
search needed is gigantic and could require generations of effort 
However, the present non-technical work is not basically con¬ 
cerned with such technological aspects and differs from many other 
books by placing more emphasis on SETI’s biological aspects. 


The Universe In Time 

P. Maffei, The MIT Press, Massachusetts Institute of Technology, 
Cambridge, Mass. 02142, U.S.A., 1989, 407pp 

This book presents a journey through time. The itinerary starts with 
the fireball of the big bang some 15 billion years ago, continues 
through the present and postulates various conceivable futures, 
some of which extend the world indefinitely through time while oth¬ 
ers bring it to an end. 

The text is structured as a series of voyages, first through the life 
cycle of the stars, then through that of planetary systems and finally 
through both geological and ecological evolution. 

The possibilities of extraterrestrial life are also discussed before 
ending on thoughts about the fate of the Universe as a whole. 


Introduction to Space: The Science of Spaceflight 

T.D. Damon. Orbit Book Company, P O Box 9542, Melbourne, R. 
32902-9542, USA. 1989, 320pp. $34.50. 

This book contains 13 chapters which can be used either directly 
for teaching purposes or for self-learning. Each adopts a particular 
space theme which is then developed in a manner similar to that 
adopted many years ago in the Society’s “ Teachers' Handbook of 
Astronautkd". The text is well written, well illustrated and can be 
used profitably by a wide range of readers. No mathematics are 
required but, for those with the necessary attainments, mathemati¬ 
cal descriptions are contained in separate ‘boxes”. Each chapter 
ends with a series of questions followed by suggestions for further 
reading. 

The opening chapters are concerned with space history and pro¬ 
pulsion, orbits and the space environment respectively. These are. 
followed by text on satellites and their various applications. The 
Space Shuttle is developed further in terms of living and working in 
space and the installation of a space station. The final sections are 
on space colonies and life in the Universe. 
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BOOK NOTICES 


Eclipse 

D & C Allen. Allen & Unwin Ltd., Park Lane, Hemel Hempstead, Herts, 
HP2 4TE. 1987. 123pp. £7.95. 

This is a book for the layman which explores the history of solar and 
lunar eclipses from ancient to modern times. Included in the text are 
snippets of verse and mythology in a story which leads from the 
Babylonians, who first learnt how to predfct eclipses, to the etudes 
which led to the broadening of our understanding of physics by 20th 
century astronomers. 

Space Safety and Rescue 1986-1987 

G.W. Heath. Univett Inc., P O Box 28130, San Diego, California 
92128, USA. 1988. 360pp. $55. 

This volume. No. 70 in the Science and Technology Series issued 
by the American Astronautjcal Society, is a bi-annual volume based 
on updated presentations made at symposia of the International 
Academey of Astronautics in 1986 and 1987. It includes an interdis¬ 
ciplinary assessment of space stations, decay of bankable space 
objects, many articles on space debris hazards, HERMES safety 
and rescue, safety in space, Earth safety and disaster/distress 
response employing space-borne systems. 


Practical Ephemerls Calculations 

O. Montenbruck, Springer GmbH & Co., Postfach 10 51 60, 
Hatschekstrabe 8, D-6900 Heidelberg 1, Germany, 1989, 150pp, 
DM 39. 

With the advent of personal computers, more and more people are 
becoming interested in the calculation of the motions of planets and 
comets. This book is intended to provide a practical guide to the cal¬ 
culation of ephemerides by providing the user with the basic con¬ 
cepts and definitions of the various coordinates, a knowledge fun¬ 
damental to a thorough understanding of ephemerides. Thus, the 
motions of planets or comets around the Sun is explained in detail 
and appropriate methods given for solving the necessary equations. 


A wel constructed representation allows for easy programming 
on any kind of pocket calculator or personal computer, with the more 
experienced reader still using the text for quick reference. All the 
numerical values needed during calculations are given in the book 
and do not need to be looked up elsewhere. These include orbital 
elements, planetary masses, diameters and other asbonomical 
constants. 

The text is supplemented by many worked examples and refer¬ 
ences for further reading. 


New Strategy Through Space 

Ed. N. Brown, Leicester University Press, Pinter Publishers, 25 
Floral Sheet, London, WC2E 9DS, 1990, 295pp. £35.00. 

The author argues that the narrow military requirements of SDI have 
resulted in a damaging distortion of our appreciation of the true sba- 
tegic and philosophical importance of the space around our planet 
He thinks it not only a sign of outdated geopolitical thinking but one 
that is inherently destabilising and which has prevented space from 
being developed in a wider context 

Taking the view that the coming decades will find the most funda¬ 
mental threats to world security posed by economic and social crises 
and by ecological disasters, the author considers space, via scien¬ 
tific surveillance and telecommunications, as providing the oppor¬ 
tunity for a pilot scheme in planetary management 

Whether wholly civilian space programmes, lacking the military 
impetus, will push forward with all speed towards the exploration of 
Mars and asbonomical investigations of the Universe has been a 
moot point for some time and subject to endless argument On the 
one hand there is ample evidence of development through the con¬ 
centration of the mind induced by War and other catastrophes, 
whereas periods of peace have seemingly favoured the status quo. 
Yet it need not be so. War is inherently wasteful and destructive of 
resources which could be more gainfully employed in the ways the 
author suggests. 

But will this actually happen? Change tends to be relatively slow 
in a comfortabty-stable society, and progress triggered mainly by 
economic collapse, over-population and major disturbances of 
every sort, even if realistic, seems hardly desirable. 


JBIS 


journal of the 

british interplanetary society 


The March 1990 issue of the Journal of the British 
Interplanetary Society is now available and contains 
the following papers: 


NORWAY IN SPACE 

Development of Norwegian Space Activities 

Design of a Processing Facility for Synthetic ApaTure Radar Data 
at the Troms 0 ERS-1 Ground Station 

Offshore Technology R&D in Space Applications 
Application of SAW Technology in Satellites for Mobile Services 

SAW Technology for Multicarrier Demodulation in Advanced 
Payloads 

Zeolites in Space 

Norwegian Studies of Plasma Modifications around Spacecraft 
and bow these Affect the Vehicle Potential 

Space Research in Norway 

Copies of JBIS, priced at £12.00 (US$24.00) to non-mem¬ 
bers, £4.00 (US$8.00) to members, post Included, can be 
obtained from the address below. Back Issues are also 
available. 

The British Interplanetary Society, 27/29 South 
Lambeth Road, London SW8 1SZ, England. 


SOVIET COSMONAUTICS: 

Questions and Answers 


An official Soviet 
publication, 
produced by the 
Novostl Press Agency 
and edited by the late 
Valentin Glushko, 
designer of the 
Energla booster 
engines. 



The book covers most aspects of Soviet cosmonautics, 
including: early Soviet space flights, Soviet launch ve¬ 
hicles (including Energla), Soviet space stations, So¬ 
viet exploration of the moon and other planets, Soviet 
cosmonauts and the future of Soviet space flight. 

Available from The British Interplanetary Society, 

27/29 South Lambeth Road, London SW8 1SZ, 
priced £2.50 (US$5.00) inclusive of surface mail delivery. 
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MISSION REPORT 


Columbia Brings LDEF Home 

STS-32 Breaks Shuttle Records 


The Space Shuttle Columbia 
successfully retrieved the Long 
Duration Exposure Facility 
(LDEF) on January 12 during a 
record breaking mission of al¬ 
most 11 days. The orbiter 
touched down at Edwards Air 
Force Base in California on 
January 20 with LDEF nestled in 
its payload bay, breaking the 
record for the largest Shuttle 
landing weight. Other achieve¬ 
ments during STS-32 included 
the successful deployment of 
the last Syncom IV satellite and 
numerous experiments which 
benefitted from the missions 
extended duration. Onboard 
Columbia were astronauts Dan 
Brandenstein, Jim Wetherbee, 
Bonnie Dunbar, Marsha Ivins 
and G. David Low. Spaceflight 
was briefed on the mission by 
astronauts Brandenstein and 
Dunbar. 

Launch Preparations 

Preparations for STS-32 began on 
August 21, 1989, when the spacecraft 
was towed to the Orbiter Processing 
Facility (OPF) Bay 2 after its return 
from mission STS-28. 

Approximately 26 modifications 
were made to Columbia. This work 
included the addition of a fifth tank set 
for the arbiter’s power reactant stor¬ 
age and distribution system, that pro¬ 
vides liquid hydrogen and liquid oxy¬ 
gen for the fuel cells to produce elec¬ 
tricity and water during flight. The 
extra tanks were necessary because 
of the mission’s long duration. 

Stacking of the Solid Rocket Boost¬ 
ers (SRBs) began In the Vehicle As¬ 
sembly Building (VAB) in September 
and were completed on October 24. 
The External Tank was mated to the 
assembled boosters on November 1. 
The Shuttle was assembled on Mobile 
Launch Platform-3 (MLP-3). STS-32 
was the first launch from the platform 
since the Apollo-Soyuz Test Project In 
1975. 

Columbia was transferred from the 
OPF to the VAB on November 16 and 
bolted to the stack. 

The Shuttle was rolled out to Pad 
39A on November 28, at 02:32 EST 
eight hours later the stack was in posi¬ 
tion on the launch pad. After extensive 
refurbishment, Pad A was being used 



Columbia punches through a layer of doud as it heads towards orbit The photograph was taken by 
astronaut Mike Coats from the Shuttle Training Aircraft NASA 


By Roelof Schuiling 
at the Kennedy Space Center 
and Steven Young 


for the first time since Shuttle mission 
STS 61-C in January 1986. (See 
Spaceflight, February 1990, p.46 for 
more information on the refurbish¬ 
ment of Pad A.) 

Launch Delayed by Pad Problem 

The launch of STS-32 had been 
scheduled for December 18 and as the 
launch date approached it seemed all 
would go as planned. However, by 
December 13 it became apparent that 
workers would require extra time to 
validate systems at Pad A. Engineers 
ran Into problems when they came to 
certify the launch pad system that 
loads the orbiter with cryogenic fuel for 
the generation of electricity. The sys¬ 


tem was the last to be tested and 
proved the most troublesome. 

‘The system contains a lot of com¬ 
plex pipework and valves that all had 
to be tested,” NASA spokeswoman 
Lisa Malone told Spaceflight. The 
system is part of the Orbiter Mid-Body 
Umbilical located on the Rotating 
Service Structure. 

The launch was postponed two days 
and on December 15 the launch date 
was changed December 21. Then on 
December 18 the launch was put off for 
three weeks to ensure the umbilical 
system was ready for launch. It also 
permitted the Kennedy Space Cen¬ 
ter’s Launch Processing System to be 
powered down for maintenance and 
allowed most NASA workers to be with 
their families over Christmas and New 
Year. 

The launch was rescheduled for 
January 8, 1990 at 08:10 EST. The 
countdown began at 16:00 EST on 
January 4, slightly earlier than usual 
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Final Leasat on Station 


The Syncom IV-05 satellite was 
deployed from Columbia on Day 
Two of the mission. It was renamed 
Leasat 5 after release from the 
Shuttle. The satellite provides 
communications for the United 
States’ armed forces around the 
world. 

Following deployment from the or- 
biter at 13:19 GMT on January 10. the 
satellite's onboard sequencing sys¬ 
tem initiated the omni antenna deploy¬ 
ment and began the spacecraft spin- 
up. About 45 minutes after leaving 
Columbia the satellite fired its solid 
propellant perigee kick motor, identi¬ 
cal to that used as the third stage of the 
Minuteman missile. This operation 
raised Leasat 5's orbit to about 15,186 
km. During the next three days the 
satellite's two liquid fuel gngines, 
burning hypergolic propellants, were 
used to propel the satellite towards its 
geostationary orbit. Leasat 5 arrived 
at its orbital test position at approxi¬ 
mately 06:00 GMT on January 15. 
Shortly afterwards the satellite’s UHF 


receiver and transmitter antenna were 
deployed. The satellite’s operational 
position is located at 177 degrees 
West, over the Pacific Ocean. 

Leasat 5 will officially enter service 
once a month-long on-orbit test pro¬ 
gramme is complete. 

The ultra high frequency communi¬ 
cations satellite was built by Hughes 
Aircraft Company. The satellite is 
owned and operated by Hughes Com¬ 
munications Inc. (HCI). Linder a 1978 
agreement, the US Navy leases the 
communications services of the satel¬ 
lite for five years at a cost of $85.75 
million per satellite. The contract in¬ 
cludes an option for the Navy to extend 
the lease for up to two years and to 
purchase the satellites after seven 
years of operation. Users of the sys¬ 
tem include mobile air, surface, sub¬ 
marine and fixed ground stations of 
the Navy, Marine Corps, Air Force and 
Army. 

The Syncom IV series of satellites 
was the first to be designed exclu¬ 
sively for launch by the Space Shuttle. 



The Leasat 5 communications satellite is back- 
dropped against Zaire in this photograph taken 
from Columbia. NASA 

With a diameter of about 4.3 metres, 
the spin-stabilised satellite could not 
be launched on an expendable ve¬ 
hicle. Leasat 5 was originally sched¬ 
uled for launch in 1986 but delayed 
following the Challenger accident. 


in case any problems with the launch 
pad systems surfaced during the 
count. 

The Weather Wins the Day 

However, on January 8 the launch 
attempt was scrubbed at T-5 minutes 
because of the weather. Forecasters 
had predicted only a 10% chance of 
good enough conditions for a launch 
that day. The NASA launch team de¬ 
cided to go ahead with the countdown, 
hoping the weather would improve and 
if not it would serve as a useful test of 
Pad A’s systems. 

Columbia was in a race against a 
rapidly approaching rain system and 
lost by a narrow margin. Although the 
launch pad was clear and Columbia 
stood out against a blue sky to the east, 
a cloud deck at six thousand feet had 
slid in over the Shuttle Landing Facil¬ 
ity (SLF) located north-west of the 
launch complex. The SLF would be 
used to land the Shuttle if a Return to 
Launch Site (RTLS) abort became 
necessary during the initial launch 
phase. The weather rules for launch 
require not more than 50 per cent cloud 
cover below eight thousand feet for the 
SLF and this was not the case. The 
count was taken down to the T-5 min¬ 
ute point and held there. The count 
could not proceed any further because 
the next major event is the start of the 
orbiter’s Auxiliary Power Units 
(APUs). Had they been started they 
would have required servicing which 
would delay the launch 48 hours. 
Launch Director Bob Sieck, scrubbed 


the launch five minutes before the 
window closed after the cloud layer 
failed to dissipate. 

Preparations for a launch attempt 
the next day began. The External tank 
was drained of liquid oxygen and 
hydrogen propellants and the launch 
pad was reopened for personnel by the 
afternoon of the 8th. The countdown 
was picked up at th£ T-11 hour point. 
The built-in holds were revised to bring 
the count to T-0 at 07:35 EST on the 
9th. Reconfiguration was completed 
by the evening and the launch propel¬ 
lants were reloaded into the External 
Tank. 

Launch Day 

The five STS-32 crew members 
were woken at 02:40 EST and Just over 
two hours later were in the white room 
out at the pad ready to enter Colum¬ 
bia’s hatch. 

The countdown continued 
smoothly. NASA management gave 
the go for launch during a ten minute 
built-in hold at T-9 min. The white room 
on the end of its access arm was swung 
away from Columbia atT-7 min 30 sec. 
The APUs were started by Wetherbee 
at T-5 min to provide hydraulic power 
to the main engine nozzles and the 
flight control surfaces. At T-31 sec¬ 
onds the Ground Launch Sequencer 
gave a ‘go’ for auto-sequence start, 
handing control of the remaining 
countdown to Columbia’s onboard 
computers. 

At T-6.6 seconds the three main 
engines were started at 120 millisec¬ 


ond intervals. The engines were veri¬ 
fied to be at 100 per cent thrust and 
gimbaled to the lift-off position. Pre¬ 
cisely on time, at 07:35 EST, the two 
150 foot-long Solid Rocket Boosters 
burst into life lifting the 4.5 million 
pound vehicle off the launch pad. The 
first Shuttle flight of the 1990s and the 
most ambitious mission since the 
Challenger accident had begun. 

Day One: January 9, 1990 

Columbia followed a direct insertion 
trajectory requiring only one Orbital 
Maneuvering System (OMS) burn. 
The engines were fired about 40 min¬ 
utes into the flight to circularise the 
Shuttle’s orbit. 

The flight deck was configured for 
orbital operations and during the sec¬ 
ond orbit the payload bay doors were 
opened and the Ku band antenna was 


CENTRE PAGES: 

(Main picture) This 70mm frame was taken during 
the photo survey of LDEF following its capture by 
the RMS. 

(Top left) An In-orbit crew photograph (left to right) 
Daniel Brandensteln, Bonnie Dunbar, Marsha 
Ivins, G. David Low and James Wetherbee. The 
crew's orange partial pressure suits used during 
ascent and landing appear In the background. 
(Centre left) Two mission specialists work with the 
collapsable Lower Body Negative Pressure 
(LBNP) unit on Columbia's middeck. G. David Low 
monitors Bonnie Dunbar in the device during the 
test programme. 

(Bottom left) Dan Brandensteln holds up a card 
signed by friends in the Astronaut Office and at 
Johnson Space Center. The STS-32 commander 
celebrated his 47th birthday on January 17. 

NASA 
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noeuvring the arm in what we call track 
and capture. I started tracking the 
target and bringing the end effector in 
until I got it over the grapple pin. Then 
I pulled the trigger on the rotational 
hand controller that actually snares 
the pin inside the end effector. The end 
effector is a bit like a can with three 
wires that pull down around the pin. 
After it closes then it draws the pin back 
into the end effector and it puts about 
800 pounds of pressure on the pin and 
LDEF to keep it rigid against the end 
effector. 

. “I then moved LDEF to the centre of 
the bay, to protect it from the atomic 
oxygen flow. Jim Wetherbee then 
manoeuvred the orbiter to act as 
shield for LDEF during the next three 
hours of the photo survey. He manu¬ 
ally controlled the orbiter so the belly 
was pointing towards the velocity 
vector. We were very concerned about 
getting atomic oxygen flow on the 
panels that had not seen any atomic 
oxygen flow for five years. We did not 
want to affect the data. The concentra¬ 
tion of atomic oxygen at our altitude 
was much higher than LDEF had expe¬ 
rienced in the last five years. 

“For three hours I moved the LDEF 
to a series of pre-planned positions, 
what we call an auto-sequence. This 
meant that the computer would actu¬ 
ally do the motion of it and I would ini¬ 
tiate it at point to point, monitor it and 
make sure it was in the right position.” 

During the photo survey each of 
LDEF 12 sides and both ends were 
exposed to the orbiter’s aft windows. 
Marsha Ivans, assisted by G. David 
Low and Bonnie Dunbar took about 
800 photographs of the spacecraft to 
provide a record of the condition of the 
experiment trays before they were 
returned to Earth. 

With the photo survey complete, the 
next task was to place LDEF in the 
payload bay. 

“I commanded the arm to align LDEF 
with the payload bay, horizontal at a 
high position to prepare it for cradling,” 
said Dunbar. “Then I took manual 
control and lowered it down into the 
payload bay and lowered the trunnions 
into the five latches that we had to 
close.” 

Micro-switches indicated LDEF was 
firmly in position and the latches were 
closed. 

LDEF had been grappled at 09:16 
CST and was berthed In the payload 
bay at 14:49 CST. 

Day Five: January 13, 1990 

With the LDEF nestled in the pay- 
load bay the crew were able to concen¬ 
trate fully on the experiment pro¬ 
gramme for the remainder of the flight. 

Dunbar, Low and Ivins took turns 
conducting daily photo surveys of 
Columbia’s exterior using the cam- 



LDEF is held above the payload bay by the RMS. The pealed back sections of the Kapton thermal covers 
on the Heavy Ions In Space experiment can be seen on the under side of LDEF on the right hand side. 

NASA 


Initial examinations from video and 
photographs showed signs the space¬ 
craft had aged during more than five 
years exposed to the harsh environ¬ 
ment of space. Following Its removal 
from Columbia, William Klnard, the 
project’s chief scientist, said the 
spacecraft looked In worse condition 
than earlier thought. 

Some thin film test specimens ap¬ 
peared to be degraded or completely 
eroded. Some thin film balloon material 
test specimens were broken away at one 
end. These are expected results that will 
be fully analyzed when the principal in¬ 
vestigators have access to their LDEF 
experiments. 

The Kapton thermal covers on two 
Heavy Ions in space experiment trays 
were partially peeled back like a sardine 
can” in the words of one astronaut. In 
addition, the thermal cover strips around 
the detectors of a space plasma high 
voltage drainage experiment appear to 
have eroded away. Impact on these ex¬ 
periments will not be known until re¬ 
searchers can examine them. 

At least one of the thermal covers of an 
ultra-heavy cosmic ray nuclei experi¬ 
ment, located adjacent to LDEF’s leading 
edge, exhibited more apparent debris or 
meteoroid impacts than data obtained. 
Investigators will pay particular attention 
to determine the nature of the deteriora¬ 
tion. 

LDEF programme officials also noted 
discoloration around the high voltage 


leads of an interstellar gas experiment 
Just what this means will be studied in the 
data analyses that are the next step in the 
LDEF programme. 

Space Shuttle orbiter Columbia and 
LDEF were expected to arrive at Kennedy 
Space Centre on January 26. The orbiter 
was to be de-mated from the Boeing 747 
Shuttle Carrier Aircraft and towed to the 
Orbiter Processing Facility (OPF) shortly 
thereafter. Plans called for the removal 
of LDEF from Columbia’s payload bay 
about January 29. 

LDEF as to be transferred to the Opera¬ 
tion & Checkout (O&C) Building about 
January 30 and loaded onto a special 
transporter. Around January 31, the sat¬ 
ellite was to be moved to the Spacecraft 
Assembly and Encapsulation Facility II 
(SAEF II) where researchers will inspect 
and photograph its structure and experi¬ 
ment trays from February 5 through 17. 
Programme officials estimate that re¬ 
moval of the experiment trays will begin 
around February 22. 

A meeting of the LDEF Investigator 
Working Group will take place at NASA’s 
Langley Research Center this summer. 

LDEF contains 57 science and technol¬ 
ogy experiments representing more than 
200 investigators, 33 private companies, 
21 universities, seven NASA centres, 
nine Department o Defense laboratories 
and eight foreign countries. Experiments 
analysis is expected to provide invalu¬ 
able data for the design of future space¬ 
craft as well as insight into Earth’s cos¬ 
mic origins. 
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STS-32 Mission Specialists at work with the American Right Echocaidiograph and the Lower Body 
Negative Pressure Unit Serving as test subject is G. David Low. Conducting the experiment is Marsha 
Ivins, while Bonnie Dunbar takes notes at right NASA 


^Ivjns, while Bonnie Dunbar takes notes at right 

eras on the RMS arm. Bonnie Dunbar 
explained the reason why the surveys 
were conducted. 

“in addition to doing the orbiter sur¬ 
vey, we were also interested in doing 
something called the direct drive test. 
That is a test on each of the joints. We 
were concerned, based on analysis, 
that the arm's brakes may show some 
type of degradation after seven days 
in orbit but we did not have any data to 
back that up. So what we and the 
engineers decided to do was to do a 
direct drive test on Days Five to Ten.” 

The surveys with the arm also gave 
the astronauts valuable hands-on 
training with the Remote Manipulator 
System. 

During the fifth day a cracked Indium 
sample container for the FEA was 
noted. Analysis pointed to Columbia's 
LDEF retrieval as the cause of the 
crack. The crew replaced the dam¬ 
aged container the next day. 

Day Six to Eight: January 14-16, 
1990 

The experiment programme for the 
remainder of the mission included 


work with a collapsible Lower Body 
Negative Pressure (LBNP) unit. The 
device places a lower pressure on the 
lower half of an astronaut's body. 
Once in the depressurised unit, the 
subject’s veins expand and their blood 
pools in the lower half of their bodies 
as if they had stood up in normal grav¬ 
ity. By simulating this effect of gravity, 
the LBNP unit may help to reduce 
adaptation problems when an astro¬ 
naut returns to Earth after a long space 
flight. 

Astronauts Bonnie Dunbar and 
David Low volunteered to be the sub¬ 
jects for the experiment. 

“One of the questions we had was 
what is the optimum amount of time to 
be in the lower body pressure and what 
is the optimum pressure to get the 
therapeutic effect,” Bonnie Dunbar 
told Spaceflight. This is important, 
particularly for the longer missions of 
the Shuttle, where you have people 
coming down sitting upright and flying 
an aircraft.” 

A decreased ability to stand upright 
has been observed in both American 
and Soviet crew members after retum- 


Latitude-Longitude Locator Experiment 


On Shuttle mission 41-G, Payload Special¬ 
ist and oceanographer Scully Power ob¬ 
served numerous unusual oceanographic 
features from orbit but was unable to deter¬ 
mine their exact locations for subsequent 
study. NASA, in conjunction with the De¬ 
partment of Defense, began work on an 
instrument that would be able to determine 
the precise lattitude and longitude of ob¬ 
jects observed from space. 

The Lattitude-Longitude Locator (L3) 
was developed and flown on a previous 
Space Shuttle mission, believed to be STS- 
28. This flight will continue tests to deter¬ 
mine the accuracy and usability of the sys¬ 
tem in finding the latitude and longitude of 


known ground sites. 

L3 consists of a modified Hasselblad 
camera equipped with a wide-angle 40 mm 
lens, a camera computer interface devel¬ 
oped by JSC engineers and a Graphics 
Retrieval and Information Display (GRID) 
1139 Compass Computer. 

Crew members will take two photographs 
of the same target at an interval of approxi¬ 
mately 15 seconds. Information will be fed 
to the GRID computer, which will compute 
tow possfole locations. The crew by know¬ 
ing, whether the target is north or south of 
the flight path, will be able to determine 
which of the two locations is correct and the 
target’s lattitude and km^tude. 


Ing to gravity. Symptoms have ranged 
from an increased heart rate and re¬ 
duced blood pressure to fainting. 
Reversing those effects would be 
Important if an emergency escape 
from the orbiter were necessary fol¬ 
lowing reentry. 

A LBNP unit was previously used 
aboard the US Skylab space station in 
the 70s. The unit tested on STS-32 was 
collapsible and was designed to fit in a 
Shuttle middeck locker. This is a sub¬ 
stantial change over the Skylab ver¬ 
sion which was a large, non-collaps- 
Ible metal container that occupied a 
notable amount of room. 

Dunbar and Low each took four hour 
‘soaks’ in the device during the mis¬ 
sion. While in the LBNP, they were 
allowed to look out of the window, read 
or record scenes with cameras. 

Other equipment used in conjunc¬ 
tion with the LBNP included an 
echocardlograph, an Operational Bio- 
instrumentation System (OBS) and an 
automatic blood pressure system. Six 
electrodes were placed on the crew 
member participating in the experi¬ 
ment and the reading were recorded 
on magnetic tape. 

The data from the experiment is still 
being evaluated Bonnie Dunbar said. 

The Fluids Experiment Apparatus 
(FEA) was carried on STS-32. The 
experiment melts and recrystalllzes 
samples of Indium in a pyrex tube. The 
quality and length of the crystals will 
help determine the effects of micro¬ 
gravity on materials processing in 
space. The primary reason for carry¬ 
ing FEA was to operate it in conjunc¬ 
tion with the Mlcrogravlty Distur¬ 
bances Experiment (MDE). Even 
small movements can make minute 
changes in an orbiting Shuttle’s speed 
or direction and affect the quality of the 
mlcrogravlty environment aboard. 
These disturbances could affect the 
growth of crystals in material process¬ 
ing experiments. A cough or a sneeze 
is estimated to raise the level to a 
hundred-thousandth or millionth of 
Earth’s gravity. A crew member run¬ 
ning on the exercise treadmill could 
raise it to a hundredth or thousandth 
of Earth’s gravity. An engine burn 
could raise It to a tenth or a hundredth. 
To what extent these changes affect 
materials processing has not been 
precisely measured until now. 

The FEA melts were timed to coin¬ 
cide with specific activities onboard 
Columbia such as OMS burns and 
crew exercise periods. The crew were 
also asked to record any other distur¬ 
bances - sneezes, door slams, etc - 
that occurred during the melt. 

Two separate microgravity acceler¬ 
ometer system recorded the times and 
amounts of the disturbances so they 
can be correlated with the effects on 
crystal growth. 

Other experiments carried aboard in- 
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Columbia makes a perfect nighttime landing at Edwards. 


eluded: the American Flight Echocardi- 
ograph - a hand-held ultrasonic 
-transducer which displays the subject’s 
heart scan in a standard video format 
image. The daily scans will help investi¬ 
gate the affects of zero-g on the heart; the 
Characterisation of Neurospora Cir¬ 
cadian Rhythms - Bread molds will be 
exposed to microgravity and various 
timed light level to examine the effect of 
circadian rhythms and metabolic rates; 
the Protein Crystal Growth experiment - 
to demonstrate techniques to produce 
protein crystals of sufficient size to per¬ 
mit molecular analysis by diffraction 
techniques. 

The IMAX large format camera was 
again carried on this flight The crew were 
told to look out for any signs of man-made 
pollution in the sea or air and to record it 
with the camera. The footage shot during 
the mission will go towards an upcoming 
IMAX production entitle The Blue Planet 

Day Nine: January 17, 1990 

The ninth day of the mission was a day 
for celebrations. President Bush spoke to 
the crew and congratulated them on a job 
well done. The crew also celebrated Dan 
Brandenstein’s 47th birthday, with cards 
and an inflatable cake. Then it was Bon¬ 
nie Dunbar’s turn to celebrate when 
NASA announced that her husband. Dr 
Ronald Sega, was among 23 new astro¬ 
naut candidates just selected for training. 

The crew were woken by various birth¬ 
day greetings and a chorus of “Happy 
Birthday" sung by Astronaut Office per¬ 
sonnel. 

The crew were disturbed by a false 
alarm from a smoke detector. “It just so 
happened I was running on the treadmill 
when the fire alarm went off and I have 
documented evidence that will make your 
heart rate go up,” Brandenstein recalled 
later. 

During the sleep period between Day 
Nine and Ten the crew were woken by an 
alarm from Mission Control after radio 
interference caused a false state vector 
to be transmitted to Columbia. The incor¬ 
rect computer code caused the orbiter's 
RCS to fire placing the Shuttle in a spin of 
up to 2-3 degrees per second. The orbiter 
had rotated five to six times before the 
crew corrected the problem. 


Day Ten: January 18, 1990 

The Tenth flight day’s planned activi¬ 
ties were largely devoted to preparations 
for landing. Following what should have 
been the final sleep period and about two 
hours before it was scheduled to take 
place, the deorbit bum was canceOed and 
rescheduled for the following morning. 
The landing had been abandoned after 
fog suddenly appeared at Edwards, just 
prior to landing. 

Day Eleven: January 19, 1990 

The first deorbit attempt on January 19 
was called off after a computer problem 
was detected, as Dan Brandenstein ex¬ 
plains; 

“It was really insidious because we had 
no indication of it onboard but the folks on 
the ground could see it 

“We have not sorted out exactly what 
the problem was but it appears the indi¬ 
cation was one of the switches was 
changing positions when in fact it was not 
Whether it was in the software, the switch 
or in the wiring between them we do not 
know yet. It was happening in relation to 
the back-up computer. If we ever wanted 
the back-up we wanted to be sure it was 
sound and ready to go, so the solution was 
to put the back-up into a different com¬ 
puter and we turned off the computer that 
had the problem so it would not interfere 
with anything else. After we had done that 
reconfiguration we waited a revolution 
and everything looked good.” 

Nighttime Landing 

Sixty-five minutes before landing the 
OMS engines were fired to deorbit Colum¬ 
bia. The bum was designed to use 4,000 
lb of hypergolic propellant than neces¬ 
sary in order to reduce the orbiter’s mass 
below the 230,000 pound maximum limiL 

When Columbia glided out of the Cali¬ 
fornia night sky and made a perfect 
touched down on Edwards’ concrete 
Runway 22, it broke two records that had 
been set by Columbia on mission STS-9 
in December 1983. STS-32 became the 
longest ever Space Shuttle mission with 
a duration of 10 days 21 hours and 38 
seconds and the heaviest shuttle landing 
with an official touch down weight of 
228,335 pounds, 4.5 tons heavier than 
STS-9. Columbia had completed 172 


orbits of the Earth and LDEF had made 
32,594 revolutions counting those in the 
payload bay. 

Columbia touched down at 01:35 PST 
illuminated by six 800 million candle- 
power xenon lights. The orbiter continued 
to roll for 10,096 feet before coming to a 
complete stop. 

It was more than two hours after land¬ 
ing before Columbia’s crew left the or¬ 
biter. This period was longer than usual 
to give the crew more time to adapt to the 
Earth’s gravity after almost 11 days in 
space. The crew also conducted further 
medical tests, to gather data that will be 
useful when NASA plans Shuttle mis¬ 
sions of 16 days and longer. 


STS-32 at a Glance 


ORBITER: Columbia OV-102 
LAUNCHED: 12:34:59.98 GMT. January 9, 
1990 

LAUNCH SITE: MLP-3, Pad 39A, Kennedy 
Space Center, USA 

LANDED: 01:35 PDT, January 20. 1990 
LANDING SITE: Runway 22, Edwards Air 
Force Base, USA 
APOGEE: 183 run (varied) 

PERIGEE: 169 nm (varied) 

INCLINATION: 28.5 degrees 
DURATION: 10 days 21 hrs 38 secs 
COMMANDER: Daniel Brandenstein 
PILOT: James Wetherbee 
MISSION SPECIALIST 1: 

Bonnie Dunbar (EV-2) 

MISSION SPECIALIST 2: 

Marsha Ivins 

MISSION SPECIALIST 3: 

David Low (EV-1) 

PRIMARY PAYLOAD & OBJECTIVE: 

SYNCOM IV-05, RMS. LDEF retrieval 
SECONDARY PAYLOADS 
& EXPERIMENTS: 

Characterisation of Neurospora Cir¬ 
cadian Rhythms (CNCR) 

Protein Crystal Growth (PCG) 

Fluid Experiment Apparatus (FEA) 
American Flight Echocardiogra,oh 
(AFE) 

IMAX Camera 

Longitude and Latitude Locator (L3) 
Interim Operational Contamination 
Monitor (IOCM) 

Inflight Lower Body Negative Pressure 
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SHUTTLE 


WATCHING 


Curtis Peebles, a long standing 
Fellow of the British Interplane¬ 
tary Society and a frequent con¬ 
tributor to Spaceflight, de¬ 
scribes the experience of watch¬ 
ing a Space Shuttle orbiter land 
on the desert lake-bed at Ed¬ 
wards Air Force Base in Califor- 


All Shuttles were originally intended 
to land at Kennedy Space Center but, 
following braking problems and the 
loss of Challenger, the decision was 
undertaken to make subsequent land¬ 
ings on the wide expanse of Rogers 
Dry Lake at Edwards Air Force Base. 
This would give a greater margin for 
error and landings would continue 
until improvements took place in the 
Shuttle’s braking system and in 
weather forecasting at the Cape. The 
public has been able to watch the land¬ 
ings since the first Shuttle glide flights, 
the only exceptions being military 
flights where the landing time is an¬ 
nounced just 24 hours in advance and 
the base is closed to public access. 

For landings in the morning, such as 


TOP LEFT: Coming home. Discovery glides to a 
landing on the STS-26 mission. The photo was 
taken from the East Lake Viewing Site with a 28 
cm telescope. Phil Henderson 

TOP RIGHT: Both spectators and telescopes 
come in all sizes. 

MIDDLE LEFT: By the dawn's early light the 
crowd gathers. On one side of the fence wait 
450,000 people; on the other, the flat expanse of 
Rogers Dry Lake. 

BOTTOM LEFT: The long slow trip home. De¬ 
parting cars raise clouds of dust It is best not to 
wash your car until after getting home. 

Curtis Peebles 
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STS-26 and 29, nighttime arrival at 
Edwards Air Force Base is necessary. 
Night in the desert is magnificent. To 
the west, the lights of Edwards rim the 
dark horizon; to the south, a proces¬ 
sion of headlights brings more cars to 
the site. The rest of the landscape is 
cloaked in darkness. Above, their light 
undiminished by smog and city lights, 
the stars burn bright. 

The clear sky means the day’s heat 
is quickly lost for it gets cold at night in 
the desert. If one plans to sleep under 
the stars, a ground cloth, foam mat to 
cushion the hard, cracked surface of 
Rogers Dry Lake, a heavy sleeping 
bag, jacket, sweat shirt and blanket 
are all needed to stay warm. Another 
requirement is a flashlight, for other 
sleeping campers, electrical cords 
and portable generators lie in the dark¬ 
ness to trip the unwary. 

Slowly the Eastern horizon starts to 
brighten, becoming a deep blue tinged 
with pink as the stars begin to fade. The 
heat increases as the Sun climbs into 
the bright blue sky. Afternoon tem¬ 
peratures of over 40° C are normal in 
the spring, summer and Autumn. Even 
the excitement of a Shuttle landing 
cannot compensate for dehydration 
and sunburn. 

As landing time approaches, figures 
drift towards the fence; first singly, 
then in groups. Soon people are five 
and more rows deep along a line 3 kilo¬ 
metres long. 

Starting an hour before landing, the 
Grumman Gulfstream Shuttle Train¬ 
ing Aircraft begins making passes on 
the various landing approaches. 
These allow those in the audience with 
telescopes, cameras, camcorders 
and binoculars to practice tracking the 
steep descent. As re-entry begins and 
the Shuttle nears the California coast, 
the crowd grows quiet as the remain¬ 
ing minutes pass. ' 

From the clear blue sky come two 
powerful sonic booms. Cheers and 
applause sweep through the crowd as 
they look upwards. A tiny arrowhead 
is visible through binoculars. It is 
black, with the body flap almost white. 
With weather conditions right, the thin 
contrails streaming from each wingtip 
allow the crowd to spot the Shuttle in 
the vast blue sky. As the Shuttle de¬ 
scends, details become visible - the 
grey and black nose, the windows, the 
words “United States” and the flag on 
the side and the tailfin. If the landing is 
on Runway 17 on the lake bed, the 
Shuttle flies almost parallel to the 
fence. If the landing is on the main 
concrete runway, it is flying away from 
the crowd and a spot at the south end 
of the fence is preferred. The great 
doors open, the wheels extend and the 
Shuttle touches down. A final cheer 
goes up. It is about 2 minutes from the 
sonic boom to the Shuttle rolling to a 
stop. 


A ’ Collection of Historic 
Spacecraft Models 

Ron Miller, a Fellow of the Society who is undertaking a compilation 
of manned spacecraft, including early speculative designs, writes 
about the scope of this work and model-maker Lee Staton continues 
the story with his account of the making of a 1/240th scale model 
of the BIS Manned Orbital Rocket 


For the last two or three years I have 
been compiling a history of manned 
spacecraft Since I believe that specu¬ 
lative spacecraft are as least as impor¬ 
tant as spacecraft that were actually 
built and flown, the history covers 
some four hundred years and it quite 
literally catalogues virtually every 
spacecraft suggested since the 
1600s. Hundreds are described which 
date before World War One! I believe 
in the importance of speculative 
spacecraft because they reflect con¬ 
temporary interest in space flight, 
accurately depict the states of the arts 
of astronautics, engineering, astron¬ 
omy, etc., and they have served to 
inspire later developments in space 
flight. The best examples are those of 
Juies Verne, who wrote the first accu¬ 
rate description of a space flight and 
who directly inspired the careers of 
Tsiolkovsky, Oberth, Goddard, Tsan- 
der and many others, and the well- 
known classic series published by Col¬ 
lier's magazine in the 1950s. 

With the aid of three model-makers 
from Louisville, Kentucky, I created a 
list of what I considered the forty most 
significant imaginary spaceships of 
the last 150 years. The modellers - 
Tony Hardy, David Reynolds and Lee 
Staton - would then create a series of 
models, all to the same scale, for ease 
of comparison). The scale settled on 
was 1:240 (one inch - 20 feet), chosen 
so that the largest models would not be 


By Ron Miller 


too large. Since this made some 
spacecraft a little small (Verne’s cap¬ 
sule would be %" tall) or some signifi¬ 
cant detail too small (such as the top 
stage of the BiS orbital rocket), these 
would be recreated in an arbitrary 
larger scale. 

To date, the models completed are 
the von Braun/Co///er's ferry rocket, 
Oberth’s Friede from Frau Im Mond, 
George Tucker’s antigravity cube 
from his 1827 Trip to the Moon, 
Sanger’s antipodal bomber (with a 
larger version that includes a section 
of launch rail and the booster), the 
Luna from the film Destination Moon, 
the Mars 1 from the movie Flight to 
Mars, the Callisto from John Jacob 
Aster's Journey in Other Worlds, the 
moon-circling ship from Collier’s 
Percy Greg’s Astronaut, and the BIS 
manned rocket described below by 
Lee Staton. Under construction at the 
moment are Ganswindt’s rocket, the 
BIS 1939 moonship and a large-scale 
model of the upper stage of the Col¬ 
lier's ferry rocket. 

When completed, the series wifi 
form a three-dimensional history of 
the development of the Idea of the 
spaceship from the first scientifically 
based conceptions to the beginning of 
the space age. 


The BIS Manned Orbital Rocket 


When Ron Miller asked me to create 
a display model of the Manned Or¬ 
bital Rocket he had little Idea that he 
was allowing me to fulfil a 19-year 
wish. 

It was in 1970, as a high school 
freshman, that I discovered the ex¬ 
traordinary book “The Exploration of 
Space” in the Public Library. I was 
completely infatuated with R.A. 
Smith’s paintings and spent hours 
savouring every detail. Therefore, in 
creating a model so many years later, 
i set out to recapture the imagery of 
those paintings and do justice to the 
beauty of the spacecraft. 

The Starting Point: Research 

The best references for this project 


By Lee E. Staton 

wee the paintings themselves. Also a 
side view plan was reproduced in the 
book “High Road to the Moon". Using 
this plan as a starting point, I com¬ 
pared the pian to the paintings. The 
comparison verified what I suspected: 
the ship was never the same twice, no 
two drawings or paintings displayed 
the same details or configuration. 

Instead of being disappointed, I was 
elated. This gave me the freedom to 
select the best parts of individual 
paintings and transpose them to the 
model - a process, of course, that was 
subject to Mr Miller’s approval. 

In a few weeks, we worked out the 
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spacecraft details and the display 
concept. For the display base, details 
were essentially taken from three 
paintings; the fuelling towers from 
one, the gantry rails from another and 
the futuristic fuel tanker from still an¬ 
other. it was now time to begin con¬ 
struction of a mockup. 

Using a Mockup for 
Design Checkout 

lit is helpful in a project such as this 
to make a rough mockup of the model. 
This lets one work out size relation¬ 
ships and see if the design is working; 
especially in the display base arrange¬ 
ment. 

A copy of the scale plan was en¬ 
larged to the size of the finished model. 
The agreed upon scale was 1/240th 
(23cm tall), set by the customer. I 
traced the plan onto thin illustration 
board, and essentially made a paper 
and cardboard version" of the rocket. 
Once in hand, this allowed me to ar¬ 
range the model, tower mockups and 
the tanker mockup in the final form and 
decide if it was “working”. It was. 

Beginning Construction 

Mr Miller wanted the stages to be 
able to separate, so the model would 
have to be made hollow. A technique 
was used where two pieces of wood 
were glued together with paper in be¬ 
tween, carefully lathe turned and 
checked for accuracy until correct, 


then removed from the lathe and split 
apart Two perfect rocket halves, or 
patterns, were the result. 

These rocket pattern pieces were 
then placed on a vacuum-forming 
machine and heated plastic was drawn 
over the patterns. When property cut, 
sanded and joined together, the heat- 
formed parts made up the hollow 
rocket. 

Patterns for the bottoms of the first 
and second stages were lathe-turned 
In wood, as was the tiny third stage or- 
biter body. Both stage bottom patterns 
were vacuum-formed and the result¬ 
ing plastic parts were cemented to the 
hollow stages. 

Next came the wings. The first two 
stages had four wings each. Since 
shaping wing contours Is exacting 
work, one wood pattern was made for 
each wing and repetitive duplicates 
were cast in polyester resin. The first 
stage wings had small brass tubes 
glued to the tips to accommodate the 
posts of the “feet". Tiny orblter wings 
were carefully hand-shaped in sty¬ 
rene. 

The fuelling towers, tanker and 
other display base details all were 
handmade of styrene and wood. Three 
human figures were adapted from Z- 
gauge model railroad figures. Z- 
gauge is 1/220th scale, close enough. 

The hardest part of this project was 
the precise way the first and second 
stages Interlocked together. The 


small scale of the model really worked 
against me here and there was much 
trial and error. Finally, the rocket was 
assembled and ready to paint. 

Lacquer and acrylic paints were 
used, both airbrushed and hand 
brushed. A special bluish silver was 
mixed for the rocket body; wing tips on 
the third stage were a pale yellow. 
Base details were painted In fairly 
muted colours. 

Lighting as a Finishing Touch 

Extra-tiny model railroad flood¬ 
lights were built into the base and 
wired to a transformer so they could be 
plugged Into a wall outlet. Lighting the 
model adds an extra touch of drama 
and realism only a true space enthusi¬ 
ast would appreciate. 

The model was delivered to Mr Miller 
in January 1989. Research and mock- 
ups already are underway for a 1/ 
240th scale BIS Moonship, larger 1/ 
72nd scale BIS Orbiter and Moon Lan¬ 
der models, and a 1/12th scale astro¬ 
naut in a BIS spacesuit. Perhaps one 
day a BIS Space Station in 1/240th 
won’t be out of the question, but for 
now the smaller items will keep me 
busy. 

Working on these model projects 
has been so creatively rewarding I will 
be sad to see them finished. 


LEFT: A model of the BIS Manned Orbital Rocket 
built by Lee Staton. 


VISION OF SPACE 

Soar above the red deserts of Mars, marvel at ringed 
Saturn from the craggy surface of one of its moons. Trav¬ 
elling through the Solar System is much easier than y»u 
thought: simply invest in a 40-sllde set of space art avail¬ 
able now. 

This is your chance to own a superb 40-sllde collection 
showing the best works of Space Art pioneer Chesley 
Bonestell, a Fellow of the Society. 

“Chesley Bonestell’s pictures," Wernher von Braun 
once said, “are more than Just reproductions of beautiful, 
aethereal paintings of worlds beyond. They present the 
most accurate portrayal of those far-away heavenly 
bodies that modern science can offer.” 

For the incredibly low price of £18 (US$32), including 
P&P and VAT, you will receive 40 slides showing the 
golden age of Bonestell from the late 1940’s to the 1960’s, 
in their own presentation box, together with a cassette 
tape describing the pictures. 

Pictures presented include: “Lunar Landscape," 
“Moon Landing," “Eclipse of Sun by Earth," “Creation of 
the Moon’s Mare Imbrium," “The Planet Saturn,” “Recov¬ 
erable Winged Shuttle Vehicle,” “Baby Space Station,” 
The Planet Mars” and many more. 

These pictures are now collector’s items, so only a 
small number are available. 

To be sure of your set send your order and remittance 
now to: The British Interplanetary Society, 27/29 South 
Lambeth Road, London SW8 1SZ. We will dispatch your 
slide set and cassette immediately while stocks last. 
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A rare photograph ot a Molniya booster on the launch pad at the Plesetsk launch site. Novosti 


SATELLITE DIGEST-227 


Satellite Digest is produced in two sections. Orbital Data is in the form of a table which lists each sat¬ 
ellite’s name, international designation, launch time and date, launch site, launch vehicle, perigee, 
apogee, period and inclination. Launch times are approximate, except when marked with an asterisk, 
when the time given is that issued by the launching agency. All times are GMT. Soviet launch vehicles 
have been named by the US DoD system of classification and when known by the Soviet name. Orbital 
data has been provided by the Royal Aerospace Establishment The first section, Satellite Data, 

contains notes on each satellite’s mission. 


r. ORBITAL DATA 


Name & International 
Designation 

Launch Time 
and Date 

Launch 

Site 

Launch 

Vehicle 

Perigee 

(km) 

Apogee 

(km) 

Period Inclln. 
(min.) (deg.) 

GRANAT, 1989-96A 

2024 1 December 

Baikonur, USSR 

SL-12 Proton 

1,957 

201,693 

5,902.98 

52.12 

NAVSTAR 2-05, 1989-97A 

1810* 11 December 

CCAFS, USA 

Delta II 

20,211 

20,552 

726.06 

54.96 

RADUGA 25, 1989-98A 

1131 15 December 

Bakonur, USSR 

SL-12 Proton 

36,511 

36,592 

1,475.25 

1.52 

PROGRESS M-2, 1989-99A 

0331* 20 December 

Baikonur, USSR 

SL-4 Soyuz 

179 

189 

88.11 

51.60 

COSMOS 2053, 1989-100A 

0000 27 December 

Plesetsk. USSR 

SL-14 Tsyklon 

518 

536 

95.21 

73.55 

COSMOS 2054, 1989-101A 

1102 27 December 

Baikonur, USSR 

SL-12 Proton 

36,374 

36,505 

1,469.46 

1.52 
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Protons under production at theKhrunichav plant three Proton burctae appear In this month's digest. 


GRANAT (1S89-90A): A Soviet gamma 
radiation observatory carrying seven tele¬ 
scopes. The project involves cooperation 
with France, Bulgaria and Denmark. The 
spacecraft was declared operational in 
January 1990. 

NAVSTAR 2-05 (1989-97A): The fifth new 
generation navigation satellite that forms 
part of Global Positioning System. Also 
known as USA 49. 

RADUGA 25 (1980-98A): Communications 
satellite in geostationary orbit Part of the 
Orbita-2 network. 

PROGRESS M-2 (1089-99A): Carried 

cargo to the Mir space station including a US 
crystal growth experiment Docked with Mir 
at 0541 on December 22. 

COSMOS 2053 (1989-100A): A minor mili¬ 
tary satellite. 

COSMOS 2054 (1980-1O1A): A geostation¬ 
ary communications system. Uses the Luch 
system to relay communications between 
Mir and ground stations in the Soviet Union. 

UPDATES 

ITV-1 (1985-114A): A USAF balloon target 
launch be Scout on December 13, 1985 
decayed on May 11. 

COSMOS 2021 (1989-37A): Was recov¬ 
ered on July 5 (just before midnight GMT) 
after 42 days in orbit 

COSMOS 2020 (1989-38A): Was recov¬ 
ered on July 15 after 59 days in orbit 
COSMOS 1179 (1980-37A): A failed navi¬ 
gation satellite. Decayed on July 18 after 
3,352 days in orbit 

OHZORA (1984-15A): Japanese scientific 
satellite. Decayed on July 19 after 1,982 


SATELLITE DATA 


days in orbit 

PION 1 (1989-38C): Decayed July 23 after 

59 days in orbit 

PION 2 (1869380): Decayed July 24 after 

60 days in orbit 

COSMOS 1870 (1987-64A): Was deorbited 
on July 29 after 735 days in orbit 
COSMOS 851 (1976-85A): An EUNT satel¬ 
lite. Decayed August 8 after 4,726 days in 
orbit 

OSO 2 (196507A): Orbiting Solar Obser¬ 
vatory launched on February 3, 1965. De¬ 
cayed August 9 after 8.953 days in orbit 
PION 3 & 4 (1989-55C & D): Reentered on 
September 19 after 63 days in orbit 
COSMOS 2007 (1989-24A): Was reen¬ 
tered on September 22. 


COSMOS 1064 (1978-119A): A failed navi¬ 
gation satellite, launched on December 20, 
1978, decayed on November 12. 

COSMOS 122 (1966-57A): A Soviet 

weather satellite. Decayed on November 
14. Us launch from Bakonur on June 25, 
1966 was witnessed by General de Gaulle. 
COSMOS 1662 (1985-50A): Decayed on 
November 16. A minor military satellite 
launched June 19, 1985. 

CAT 1 (1979-104A): Technology capsule, 
launched on the maiden flight of the Euro¬ 
pean Ariane, decayed on November 27, 
almost ten years after it was orbited. 
COSMOS 1601 (1984-104A): Decayed on 
November 29. A minor military satellite 
launched September 27, 1984. 
PROGRESS M-1 (1989-66A): Undocked 
from Mir on December 1 and was deorbited. 
SMM (1980-14A): Solar Max, reentred on 
December 2. 


Many Science Satellites Launched in 1989 


Analysis of last year’s satellite launches 
shows 21 spacecraft were dedicated to 
scientific research. These included the 
Galileo and Magellan probes and the 
Soviet Union’s Granat observatory. A to¬ 
tal of 136 satellites were orbited during 
the year on 101 launch vehicles. Or\pe 
again military spacecraft dominate the 
scene with .53 launched in 1989. The 14 
navigation satellites launched, almost 
certainly have military applications. 
There were just six manned missions, 
only one of which was Soviet, the lack of 


Soviet manned missions was due to the 
delays in launching the first Mir modules. 

Satellites Launched in 1989 

Communications 31 

Science 21 

Manned 6 

Manned Related 4 

Earth Photography 7 

Military 53 

Navigation 14 

Total 136 


SATELLITE DIGEST 
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THE JUNO MISSION 


Juno in Top Gear to 
Meet Experiment Deadline 


The Juno scientific programme Is 
now In top gear to be ready for an 
Autumn Progress launch of Its ex¬ 
periment hardware. There are now 
26 experiments that will be con¬ 
ducted during the eight day Juno 
mission planned for April 1991. In 
an exclusive Interview Spaceflight 
was briefed on the current status of 
the Juno experiments by the mis¬ 
sion’s science director, Professor 
Heinz Wolff. 

The 26 experiments slated to fly on the 
Juno mission were selected by a peer 
group consisting of seven members of the 
UK scientific community chaired by Pro¬ 
fessor Wolff. In the months following the 
announcement of the Juno project the 
group sifted through about 60 experiment 
proposals. The final 26 experiments 
come from 12 universities, one semi¬ 
commercial research institute, an MoD 
establishment, a research council and a 
school. The experiments fall into seven 
categories: human physiology and ex¬ 
perimental psychology, liquid culture of 
cells and micro-organisms, developmen¬ 
tal biology, materials science and fluid 
physics, plant physiology, protein crys¬ 
tallisation and experiments proposed by 
schools. 


One experiment is a cooperative ven¬ 
ture with ESA. The experiment’s investi¬ 
gators are Dr Alan Benson of the RAF 
Institute of Aviation Medicine and Profes¬ 
sor R.J. von Baumgarten of the Depart¬ 
ment of Physiology at the University of 
Mainz. It complements a vestibular ex¬ 
periment proposed by Dr Benson. The 
construction of the experiment hardware 
wD be financed by ESA, which hopes it 
can fly the experiment again on other 
missions. 

Professor Wolff has been very im¬ 
pressed with the experiments proposed 
by UK scientists. “Having served for a 
number of years as the chairman of ESA's 
Microgravity Advisory Committee, I have 
no reservations whatsoever about the 
standard of the experiments,’ he said. 
‘Within their fields they are comparable 
with anything which has been flcwm pre¬ 
viously by Western scientists. Some 
break new ground, others bold on previ¬ 
ous findings. In total they represent a 
significant increase in the total amount of 
microgravity science which has been 
flown by European scientists.” 

Tight Timetable 

The timetable for the Juno science 
programme is exceedingly tight, Profes¬ 


sor Wolff admits. Under normal condi¬ 
tions four years and often longer, is a 
reasonable time in which to select the 
experiments, design an construct the 
hardware and get it space qualified. Juno 
has to accomplish all this within 15 
months. 

“The time table is ultimately deter¬ 
mined by the Progress flight that will take 
our equipment to Mir and that will be, I 
suspect, somewhere around October/ 
November,” Professor Wolff told 
Spaceflight. Some items of equipment 
are to be handed to the Soviets for final 
approval in July. ‘We have to start flight 
qualifying equipment in the UK by the end 
of April,” Professor Wolff said. 

Many UK Firms Involved 

Equipment for the Juno mission is now 
being developed and manufactured by con¬ 
tractors across the UK. *1 think this is the 
first time these British companies have ever 
been involved in a space programme,” said 
Professor Wolff. We have a contractor in 
Sheffield who is building the furnace, an¬ 
other, also in Sheffield, attached to the 
Department of Metaphysics of the Univer¬ 
sity, which is building one of their own ex¬ 
periments, a company in Bristol is building 
the ultrasound blood flow meter for the car¬ 
diac experiment, a company in London is 


r- JUNO SCIENCE PROGRAMME IN BRIEF 


HUMAN PHYSIOLOGY EXPERIMENTS 

Dynamic Changes in Thoracic Fluid Distribution 
During Space Flight 

To investigate the shift of body fluids into the thorax in the first few 
hours after launch into microgravity. 

A Non-lnvaslve Method of Monitoring Metabolic Changes In 
Bone and Connective Tissue During Space Right 

To investigate the changes in the metabolic activity of bone during 
transit into microgravity by means of the biochemical analysis of the 
breakdown products of collagen. 

Motor Skills and Adaptation to Weightlessness 

To measure changes in adaptation to microgravity and readaptation 
to normal gravity. 

Vestibular-Ocular Responses in Pitch 

To study the oculomotor responses to vestibular and visual stimuli 
during adaption to microgravity and readaptation to normal gravity. 

Neck ocular reflexes 

To investigate the effect of neck position on ocular counter-rotation 
and visual orientation when the effect of gravity has been removed. 

Cardiac Output and Transcranlal Blood Row 

To investigate the changes in cardiac output and blood flow through 
the brain under microgravity. 

PLANT EXPERIMENTS 

Magnetotrophism in Plant Roots 

To investigate whether under microgravity conditions, when roots 
will not have the clue of gravity to cause them to grow in any particu¬ 
lar direction, magnetic fields or field gradients can be used as a 
substitute. 


Effects of Mlcrogravlty on Structure and Organisation 
of the Plant Cell Wall 

To assess whether gravity plays a part in controlling how the major 
load-bearing structure of the plant, the cell wall, is laid down. 

Role of the Amyloplast and their Sedimentation In the 
Perception of Gravity In Plants 

To study the mechanism by which plants can detect gravity and bend 
to grow in an upright position. 

EXPERIMENTS IN CELL AND 
DEVELOPMENTAL BIOLOGY 

Protein Synthesis In Freely Suspended Cells 

To study the effect of microgravity on mammalian cell proliferation 
and protein synthesis. 

Effect of Gravity on Cell Mobilisation 

To study the architecture and proliferation of non-adherent cells 
under microgravity, where the cells are immobilised in a gel matrix. 

Growth of a Nematode in Mlcrogravlty 

1. To allow nematode worms to complete at least one entire life cycle 
under microgravity and to assess any developmental or anatomical 
changes. 

2. To investigate whether nematodes can sense and respond to 
gravity. 

The Effect of Mlcrogravlty on the Migration, Proliferation, Lon¬ 
gevity and Extracellular Matrix Biosynthesis of Human Foetal 
and Adult Fibroblasts, including their Response to Soluble 
“Growth” Factors 

The objective is to culture foetal and adult fibroblasts in the absence 
and presence of growth factors under microgravity, with appropri¬ 
ate 1g controls and to measure the following parameters: cell migra¬ 
tion into and within a collagen gel, cell organisation of the gel, cell 
shape, extracellular matrix biosynthesis, cell clonogenicity, cell 
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STS-36 MISSION REPORT 

The Space Shuttle Atlantis blasted off from the Kennedy Space Center on February 28 
carrying a classified DoD satellite. Spaceflight has the details. 

INTERNATIONAL SPACE REPORT 

This month’s comprehensive report of space news from around the world. 

STS-31 PREVIEW 

The Hubble Space Telescope is finally set for launch on Shuttle flight STS-31. A preview 
of this long-awaited mission. „ 

COMMERCIAL SPACE TRANSPORT 
IN THE US 

J.R. French reviews the prospects for companies just breaking into the space transport _ 
market in the US. 

SATELLITE DIGEST 

Spaceflight's regular look at satellite launches around the world. 

NEW SPACE CAREERS FOR 
FORMER MILITARY MISSILES 

Joel Powell and Lee Caldwell re port on the operation to convert former Titan 11 ICBMs into 
launch vehicles. 

PHOBOS RADIATION RESULTS 
ANNOUNCED 

Brian Harvey reports from Dublin on the results from an Irish experimentflown on the Soviet 
Union's Phobos-2 probe. 

IF DARKNESS FALLS 

Joan Johnson-Freese and Roger Handberg report on theconsequences of a United States 
no-go on a hypersonic vehicle. 

AMERICA TAKES A LONG MARCH 
INTO SPACE 

Lawrence Stem and Jack High look at the background behind President Bush’s decision 
to allow the launch of US-built satellites on Chinese rockets. 

ARIANE FLIGHTS SUSPENDED 

Following the loss of Ariane V36 Arianespace has suspended all future Ariane missions 
until the cause of the accident can be determined. 

ARIANE’S SEVEN SATELLITE LAUNCH 

Just prior to the loss of Ariane V36 an Ariane 4 successfully placed seven satellites in orbit 
including the SPOT-2 earth observation satellite. 

SOCIETY NEWS 


FRONT COVER: Launch of the first Ariane 44L A similar launch vehicle was lost soon after launch 
on February 22. A full report appears on p.138. 
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Sixth Time Lucky for Atlantis 

Unique Orbit for Secret Shuttle Mission 


The Space Shuttle Atlantis 
blasted off from the Kennedy 
Space Center on February 28 
after a series of delays. The fol¬ 
lowing day the five man crew are 
believed to have deployed a dual 
purpose reconnaissance satel¬ 
lite designated AFP-731. STS-36 
was the first Shuttle flight with 
an orbital inclination of 62 de¬ 
grees. NASA had previously lim¬ 
ited flights to between 28.5 and 
57 degrees. The mission was the 
fifth Shuttle flight to be dedi¬ 
cated to the US Department of 
Defense. Onboard Atlantis were 
astronauts John Creighton, 
John Casper, David Hilmers, 
Michael Mullane and Peirre 
Thuot. 

STS-36 suffered more last minute 
launch delays than any Shuttle mis¬ 
sion since the Challenger accident. 
The launch was originally scheduled 
for February 22. Due to the classified 
nature of the flight NASA would only 
say Atlantis would be launched during 
a four hour period starting at midnight 
EST. However, blast-off was post¬ 
poned 24 hours when physicians ruled 
that Mission Commander, John 
Creighton, was unfit to fly. Creighton 
was suffering from a cold or in NASA 
terminology an ‘upper respiratory 
tract infection’. NASA also said that 
the weather conditions were expected 
to be unsuitable for launch. The delay 
was extended a further 24 hours as 
neither the weather or John 
Creighton’s cold had cleared up. 

A launch attempt on February 24 
was also abandoned. Creighton had 
recovered from his cold but the 
weather was unsuitable even to begin 
fuelling of the Shuttle’s External Tank. 

An attempt on February 25 looked 

The crew for STS-36 leave their quarters on the 
way to the pad. (Left to right) David Hilmers, 
Pierre Thuot Richard Mullane, John Casper and 
John Creighton. NASA 




Atlantis blasts off in spectacular fashion from 
EST on February 28 carrying a classified i 


more promising. However, the count¬ 
down ground to a halt at T-31 seconds 
because of a ground computer soft¬ 
ware failure. The system provides the 
Range Safety Officer (RSO) with radar 
data on the Shuttle’s trajectory. From 
this information the RSO would have 
to decide whether to destroy the 
Shuttle if it were to veer towards a 
populated area. During the hold the 
temperature of the main engine fuel 
lines dropped below the limit of -289 
degrees F, prompting a scrub for that 
day. A decision was made to attempt 
a 24 hour turn around and the launch 
was reset for February 26. 

Meteorologists were predicting only 
a 40% chance of suitable conditions 
for launch on February 26 and the 
weather was to win the day. The launch 
was abandoned when a 20,000 ft cloud 
deck, rising from 5,000 ft, moved in 
over the space centre. 

Shuttle rules dictate that following 
two consecutive launch attempts 
there must be a delay of 48 hours to 



pad 39A at the Kennedy Space Center at 02:50 
ssrcs stateflite. NASA 


give the launch teams and flight crew 
a much needed rest. The launch was 
rescheduled for February 28. 

A Unique Orbit 

On its sixth launch attempt the 
weather looked set to delay the launch 
again. However, conditions improved 
and with just seconds remaining in the 
launch window Atlantis blasted off into 
the night sky at 02:50:22 EST. Shortly 
after clearing the tower a roll ma¬ 
noeuvre placed Atlantis on the azi¬ 
muth for a 62 degree inclination orbit. 
This unique trajectory took Atlantis on 
a northward course just east of the US 
coastline. Previously NASA has pro¬ 
hibited Shuttle launches into orbits of 
inclinations above 57 degrees be¬ 
cause the trajectory would take “a 
spacecraft over a habitable land 
mass, adversely affect safety provi¬ 
sions for abort or vehicle separation 
conditions, or would be undesirable 
because of the possibility that the 
Solid Rocket Boosters or External 
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The astronauts for STS-36 pose for the 
traditional crew portrait. The Space 
Shuttle Discovery forms the backdrop. 
(Left to right) Pierre Thuot, John Cas¬ 
per, John Creighton, Richard Mullane 
and David Hilmers. 


The dominant theme of the STS-36 
patch, designed by the five astronauts 
is, in their own words, “... the essential 
role that space plays in preserving the 
blessings of freedom and liberty for 
America”. The crew used the eagle to 
symbolise the United States’ “commit¬ 
ment to strength and vigilance, its 
domain Is not bound by the limits of 
Earth but reaches out to the stars”. The 
Shuttle, they express, “majestically 
beginning its journey into orbit, dem¬ 
onstrates how man and machine work 
together for the security of [the US]”. 
A crew spokesman went on to say the 
Flag represents the patriotism and 
love for America possessed by each 
member of the five man crew and sig¬ 
nifies the honour accorded them 
through participation in national de¬ 
fence. NASA 
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This artist's impression depicts the deployment of a payload with the SPOS. An enlargement of a SPOS 
hinge appears on the left-hand side. The SPDS was used to deploy the AFP-731 reconnaissance sat¬ 
ellite during STS-36. Rockwell International 


Tank could land on foreign land or sea 
space." 

The two Solid Rocket Boosters 
(SRBs) separated smoothly from the 
External Tank at T+2 min 8 sec. The 
150 ft-long SRBs splashed down in the 
Atlantic east of Jacksonville, 169 
miles from the launch pad. The boost¬ 
ers landed 14-15 miles from the two 
recovery ships. An initial examination 
of the SRBs showed no anomalies. 

The three main engines completed 
their work about eight minutes, thirty 
seconds after blast-off. The External 
Tank was separated approximately 20 
seconds later. An OMS (Orbital Man¬ 
euvering System) burn about 40 min¬ 
utes into the flight placed Atlantis into 
its unique orbit of 243 x 254 km, in¬ 
clined at 62 degrees to the Equator. 

Satellite Deployed 

STS-36 was believed to be carrying 
a reconnaissance satellite, desig¬ 
nated AFP-731, capable of taking high 
resolution images in both visible light 
and infrared. The images are transmit¬ 
ted back to Earth in digital form, possi¬ 
bly via the Tracking and Data Relay 
System satellites. Reports indicated 
the 16,900 kg satellite was also carry¬ 
ing electronic intelligence (ELINT) 
sensors capable of eavesdropping on 
military and diplomatic transmissions. 
However, the spacecraft’s orbit is 
hardly suitable for such a mission. 
ELINT satellites are usually placed in 
high orbits where they can monitor 
signals in one area over a long period. 
In its low Earth orbit, AFP-731 makes 
one revolution of the globe every 90 
minutes, so the ELINT payload will 


only receive a transmission for a short 
period of time before passing out of 
range. This tends to suggest the 
ELINT payload on AFP-731 will be 
used for identifying transmissions and 
their frequencies for closer examina¬ 
tion by a larger satellite in geostation¬ 
ary orbit. The spacecraft’s 62 degree 
inclination orbit takes it over the ma¬ 
jority of the Soviet Union. 

The AFP-731 reconnaissance sat¬ 
ellite was reportedly deployed from 
Atlantis using the Stabilized Payload 
Deployment System (SPDS). The 
system, according to Rockwell Inter¬ 
national’s Space Transportation Sys¬ 
tem Division, which developed the 
device, overcomes some of the limita¬ 
tions of the Remote Manipulator Sys¬ 
tem (RMS) and increases the avail¬ 
able space in the payload bay. Rock¬ 
well says the SPDS is a means of 
deploying payloads of up to 50,000 
pounds from the orbiter, in a positive, 
controlled manner with high reliability 
and safety. 

It is thought the system was first 
used on STS-28 to deploy a KeyHole 
type reconnaissance satellite similar 
to AFP-731. 

The SPDS consists of a pair of ar¬ 
ticulated, motorized hinges weighing 
about 250 pounds that lift the space¬ 
craft and rotate it out of the payload 
bay. If the deployment is aborted be¬ 
fore actual separation, the system can 
restow and secure the payload. 

The deployment began when one of 
the mission specialists threw the 
switches on panel A6 at the orbiter aft 
flight deck station, releasing AFP-731 
from the payload retention latches. 


The SPDS, also controlled from the aft 
station, was then commanded to move 
the satellite’s keel trunnion away from 
the keel latch. With AFP-731 free from 
the Shuttle it was rotated out of the 
payload bay to a predetermined point 
above the left-hand wall of the payload 
bay. After the motions of the orbiter 
and the payload had damped to ac¬ 
ceptable limits, AFP-731 was re¬ 
leased from the SPDS pedestal by a 
pyrotechnic separation system and 
was gently pushed away from Atlantis 
by a set of springs. 

The deployment occurred during 
the 18th orbit on March 1. Confirma¬ 
tion that the satellite had been suc¬ 
cessfully deployed came later that 
day, when NASA announced Atlantis 
would make a landing at Edwards Air 
Force Base, California, on March 4. 
This type of announcement is only 
made after the major task of the mis¬ 
sion has been accomplished. 

Touchdown at Edwards 

Atlantis made a picture perfect land¬ 
ing on lake bed Runway 23 at Edwards. 
Main gear touch down occurred at 
12:08:44 CST and wheel stop oc¬ 
curred approximately 49 seconds 
later. 

Atlantis was due to be returned to 
the Kennedy Space Centre by the 
Shuttle Carrier Aircraft on March 10/ 
11. Atlantis’ next flight will also be a 
classified DoD flight, STS-38, sched¬ 
uled for July 9. The payload for this 
flight is believed to be a reconnais¬ 
sance satellite that does not require an 
upper stage. 

As on previous classified missions 
Edwards AFB was not open to the 
public for the landing. NASA and the 
DoD are currently discussing their 
policy for the release of information on 
future military Shuttle missions. It 
seems likely the strict rules will be 
slackened particularly for ’semi-clas¬ 
sified’ missions where the payloads 
have already been identified by the 
DoD. 
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NASA Offers Earlier European 
and Japanese Space Station Launches 


In an effort to appease its International 
partners, NASA has offered to launch 
the European and Japanese modules 
earlier than It had planned under Its 
revised Space Station Assembly 
schedule. The move came shortly be¬ 
fore the ESA Director-General, Dr Re- 
Imar LQst, told the US House of Repre¬ 
sentatives Committee on Science, 
Space and Technology of ESA’s dis¬ 
pleasure at the way it was treated dur¬ 
ing the re-phasing process. 

Under the original Freedom assembly 
schedule ESA's Columbus module was 
due for launch in August 1997 and the 
Japanese Experiment Module (JEM) in 
June of that year. However, during the 


summer of 1989, as budget cuts seemed 
inevitable, a team of NASA space station 
officials met at the Langley Research 
Center to draw up plans for a 'rephased' 
space station. The aim was to reduce the 
early development costs whilst keeping 
the programme on schedule. The interna¬ 
tional modules were one of the casual¬ 
ties. The launch of the Columbus module 
was delayed until June 1988 and the JEM 
until February 1998. The international 
partners were unhappy with the situation. 

Dr Lust told the Science, Space and 
Technology Committee: “During it [the 
Langley review], ESA was - despite many 
opportunities both official and unofficial - 
not only not informed that such an exer- 


Lectures Start for Juno Astronauts 


British astronauts, Tim Mace and He¬ 
len Sharman, have began their first 
lectures In preparation for the 1991 
Juno mission to the Mir space station. 
Since their arrival at Star City Tim and 
Helen have spent almost all their time 
learning the Russian language. In 
September they are due to start train¬ 
ing with Soviet crew members In the 
Soyuz TM and Mir simulators. 

By March 12 the two British astronauts 
had attended four science lectures cov¬ 
ering the theory of space flight naviga¬ 
tion, launch profiles and ballistics. Dur¬ 
ing the lectures Tim and Helen have been 
accompanied by their Russian teacher in 
case of any problems translating some of 
the technical terms. The astronauts also 
attended lectures by Aleksandr 
Viktorenko and Aleksandr Serebrov who 
recently returned from the Mir space sta¬ 
tion. The next series of lectures for the UK 


Soviet Journalists 


Flight Set 


A Soviet journalist will fly to the Mir 
space station In late July after less 
than six months training. The face 
saving mission - prior to the flight of a 
Japanese reporter - will ensure the 
first journalist In space Is a Soviet. 

Svetlana Omelchenko of Moscow’s 
Vozdushny Transport (Air Transport) 
newspaper and Pavel Mukhortov of 
Riga's Sovetskaya Molodezh (Soviet 
Youth) newspaper were named as the two 
journalist candidates on February 28. 
Training for the Soyuz TM-10 mission, 
scheduled for launch about July 22, is 
already underway at Star City. If Omelch¬ 
enko is selected as the prime candidate 
she will become the third Soviet woman 
in space and the first woman to board the 
Mir space station. 



astronauts will cover space medicine. 

At present two thirds to three quarters 
of the astronauts’ time is still spent learn¬ 
ing Russian. Tim expects the language 
lessons to continue for about two months. 

The two astronauts went parachuting 
in February, as part of their preparations 
for parabolic flights, in an Ilyushin 78 air¬ 
craft to simulate weightlessness. The 
jump was a new experience for Helen but 
old hat for Tim, the current British Freefall 
Parachuting champion. 

On March 7, Helen made a speech at a 
dinner to celebrate the 30th anniversary 
of the formation of the cosmonaut corps. 
The anniversary of Yuri Gagarin’s birth 
was also commemorated that week on 
March 9. Tim and Helen were among a 
party of cosmonauts who made a four 
hour coach journey to Gagarin's birth¬ 
place of Klushino, near Smolensk to mark 
the occasion. 


Jump the Queue 

for July 

The two journalists have a very short 
training programme for their flight. Previ¬ 
ously the Soviets have insisted ‘guest* 
cosmonauts train for at least 18 months. 
The two journalists have 'jumped the 
queue’ following protests from the Soviet 
press corps when Glavkosmos signed an 
agreement to launch a Japanese reporter 
to Mir in November or December this 
year. The Soviet press argued that the 
first journalist in space should be from the 
USSR. Late last year Soviet space offi¬ 
cials conceded and the search for two 
candidates began. 

The Soviet journalist will broadcast 
live from orbit and a film and book about 
the mission will be prepared. The profits 
from these ventures will be donated to the 
Soviet Children's Fund. 


ESA Director-General Dr Reimar Lust ESA 

cise was envisaged but was left out of its 
work altogether. It was informed of the 
exercise a week after it had began and 
was merely debriefed after the event.” 

He later told the that Committee delays 
in launching the module would cost the 
ESA nations $200-300 million a year. 

Just several days before Lust’s ap¬ 
pearance before the Science, Space and 
Technology Committee, ESA received an 
offer from NASA to launch the Columbus 
module in September 1997 and JEM in 
July 1997. However, power to operate the 
modules' scientific experiments may not 
be available for at least six months after 
launch. 

ESA has accepted this revised sched¬ 
ule, although negotiations will probably 
continue on this matter. 


Cosmonauts Start Work 

Soviet cosmonauts Anatoli Solovyov 
and Aleksandr Balandin have began 
their six month mission aboard the Mb’ 
space station. Viktorenko and Serebrov 
returned to Earth several days after the 
new crew’s arrival. 

Solovyov and Balandin were launched 
from Baikonur at 09:16 Moscow time and 
docked with the Mir station at 09:38 on Feb¬ 
ruary 13. Aleksandr Viktorenko and 
Aleksandr Serebrov returned to Earth on 
February 19. The Soyuz TM-8 capsule 
touched down 55 kilometres to the north 
east of Arkalyk at 07:36. The cosmonauts 
were said to be feeling well following their 
166 day mission. 

On February 21, Solovyov and Balandin 
transferred the Soyuz TM-9 spacecraft 
from the Kvant-1 end of Mir to the multiple 
docking port. 

Progress M-3 was launched from the 
Baikonur Cosmodrome at 02:11 Moscow 
time on March 1. The cargo freighter made 
an automatic docking with the Mir’s Kvant- 
1 docking port at 04:05 on March 3. 
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Asiasat Set for 
Long March Launch 

The Hughes-built Asiasat 1 has arrived in 
China for its launch on a Long March 3 
booster. The launch is scheduled for April 
20. The satellite was shipped to China fol¬ 
lowing President Bush’s decision to allow 
the export to go ahead. (The background 
behind the first launch of a US satellite on a 
Chinese rocket can be found on p.132.) 

Ariane Wins 
Hughes Contract 

Arianespace announced on March 1 it had 
signed a contract with Hughes Communica¬ 
tions for the launch of two HS 601 hybrid 
satellites with options for two additional HS 
601 launches. The satellites with a mass of 
2,575 kg and a nominal lifetime of 12 years 
will be designated Galaxy IV and Galaxy VII. 
The launches are scheduled for 1992 and 
1993. The contract follows the loss of Ariane 
V36 on February 22 and is a big morale 
booster for Arianespace. The European 
consortium now has 34 satellites on its or¬ 
der book worth a total of $24 billion. 

GRO Arrives at KSC 

The Gamma Ray Observatory (GRO) has 
arrived at the Kennedy Space Center as 
final preparations for its launch get under¬ 
way. The observatory will be carried into 
orbit in November by the Space Shuttle At¬ 
lantis. 


Ariane Contract for Ferranti 

Ferranti Defence Systems has signed a 
contract to supply Inertial Measuring Sys¬ 
tems (IMS) for the Ariane 4. The order, 
placed by Matra Espace, is worth £5 million 
over approximately three years. The IMS 
forms part of the overall guidance and con¬ 
trol system fitted in the launch vehicle’s 
equipment bay and provides critical veloc¬ 
ity and attitude data in digital form for the 
onboard computer and in analogue form for 
telemetry transmission back to Earth. The 
units to be supplied under this contract are 
the same gimballed, gyro-stabilised plat¬ 
forms already successfully flown on over 30 
Ariane launches. 


BAe Wins Study Contract 

British Aerospace Space Systems has 
been awarded a £60,000 contract by the 
Commission of the European Communities 
to carry exit a six month study of the options 
for developing future satellite broadcasting 
services in Europe taking into account the 
latest advances in technology. BAe will be 
assisted in the study by Key Communica¬ 
tions of Amsterdam, Holland. 

Ariane Fuel Line System 

UK company Mitchell Instruments Limited 
has installed a comprehensive humidity 
calibration system at the Ariane launch site 
in French Guiana. Declared fully operation 
late last year, the system is being employed 
to verify the accuracies of some 30 dewpo¬ 
int humidity probes, which are used to con¬ 
firm the dryness of the fuel lines after flush¬ 
ing with nitrogen and helium. 


Galileo Pictures Venus 



This image of Venus was recorded by the Galileo probe during the night of February 12-13 at a 
range of 1.63 million km, three days after Galileo's Venus flyby. The image was transmitted to 
Earth the next day using a special downloading technique taking nearly four hours. All 81 of 
Galileo's Venus images and other science data will be played back in November when Galileo is 
close to Earth and the higher data rate can be used. NASA/JPL 


Voyager 1 Takes Solar System Family Portrait 


On February 14, Voyager 1 took advan¬ 
tage of an historic and unique oppor¬ 
tunity to image most of the solar sys¬ 
tem’s planets, taking a final look back 
at where the Voyagers have been and 
showing Earth among Its fellow plan¬ 
ets. 

Due to tracking schedules, the images 
were recorded onboard the spacecraft 
and will be returned to Earth in late March. 
Several weeks will then be needed to 
process the images to reveal as much 
detail as possible. Earth, Venus, Jupiter, 
Saturn, Uranus and Neptune were tar¬ 
geted in a sequence of wide and narrow- 
angle images. Mars may be visible, but it 
will be a slim crescent close to the sun, 
while Mercury will be masked in the Sun's 
glare. Pluto is too far away and too small 
to be imaged. From Voyager 1’s view¬ 
point, the planets will appear to be clus¬ 
tered along the constellation Eridanus 
(The River). 

Voyager 1 is approximately 40 astro¬ 
nomical units (AU) from Earth and 32° 
above the ecliptic plane at an ecliptic 
longitude of 242°. A series of about 64 
images were due to be taken, beginning 
with Neptune. The wide-angle frames will 
be taken through clear filters, while the 
narrow-angle frames, each centred on a 


planet, will be shuttered through blue, 
violet and green filters. The spacecraft 
rolled to take images of regions that would 
otherwise be obscured by the space¬ 
craft’s high-gain antenna. Images of the 
inner planets will be mosaicked around 
the Sun to avoid direct sunlight. The final 
wide-angle frame will be centred on the 
Sun. 

Most of the planets will be smaller than 
a pixel in size; however, Jupiter may be 
as large as four pixels. (Voyager's imag¬ 
ing frame is 800-by-800 picture ele¬ 
ments, or pixels.) 

Due to the scale, it is unlikely that the 
entire set of images can be mosaicked to 
produce for publication a single photo¬ 
graph showing all planets stretching from 
Jupiter to Neptune. A disp.ay of this 
mosaic would require a wall 100 to 150 
feet long, depending on the chosen size 
of the individual prints. Imaging team 
members hope to release at least the 
central frames showing Earth, Venus, 
and perhaps Mars together. 

Voyager 1 was chosen over Voyager 2 
for this task due to operational considera¬ 
tions. Another factor is the fact that Jupi¬ 
ter would be too dose to the Sun to be 
visible from Voyager 2’s point of view this 
spring. 
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Examination of LDEF Begins 


INTERNATIONAL SPACE REPORT 


A detailed analysis of the Long Dura¬ 
tion Exposure Facility (LDEF) and Its 
86 experiment trays has begun. After 
nearly six years In orbit the spacecraft 
has been battered by Impacts from 
meteoroids and space debris and Its 
samples eroded by atomic oxygen. 
LDEF was recovered by the Space 
Shuttle Columbia In January. 

LDEF was transported from the Cali¬ 
fornia landing site to the Kennedy Space 
Center inside Columbia atop the 747 
Shuttle Carrier Aircraft. After removal 
from Columbia’s payload bay, LDEF was 
transported to the Operations and Check¬ 
out Building at where it was loaded into a 
special cradle and moved to the Space¬ 
craft Assembly and Encapsulation Facil¬ 
ity 2 (SAEF-2) where it could be examined 
in a clean room environment. 

Scientists began their detailed inspec¬ 
tion of LDEF at a distance of between 
three and six feet - any nearer and they 
would risk damaging the experiments. 
Binoculars were used to study the space¬ 
craft and its experiments. 

The scientists noted thousands of 
meteoroid impacts, colour changes in 
paints, unprotected thin films had eroded 
away, copper and silver coatings had 
oxidised and thermal blankets had be¬ 
come loose and rolled up. 

LDEF carries 57 experiments in 86 
trays. The experiments, from nine coun¬ 
tries, fall into four basic categories: 

□ Science 

□ Materials and structures 
O Power and propulsion 

□ Optics and electronics 

LDEF was deployed from the Space 
Shuttle Challenger, during mission STS 
41-C in April 1984. During its five year, 
nine month stay in orbit LDEF made 
32,594 revolutions of the Earth. The 
spacecraft carried samples of a variety of 
materials. By analysing how these 
samples have coped with the harsh envi¬ 
ronment of space, designers of future 
spacecraft and space stations will be able 
to choose materials that have proven 
their ability to survive long durations in 
orbit. 

12.5 Million Tomato Seeds 

Probably the best known LDEF experi¬ 
ment is the 12.5 million tomato seeds 
contained in five canisters aboard the 
spacecraft. The Space Exposed Experi¬ 
ment Developed for Students (SEEDS) is 
a cooperative venture between NASA’s 
Office of Education and the Park Seed Co. 
of South Carolina. Distribution of the 
seed to classrooms across the US and 
overseas will begin in mid-March. Stu¬ 
dents will receive a kit comprising of two 
sachets, one containing space exposed 
seed, the other Earth-based seed placed 
in storage at the time of LDEF’s deploy¬ 
ment. Students will be able to note any 
changes between the two types of seed. 
The experiment is expected to involve up 
to four million students. 


The High-Resolution Study of Ultra-Heavy Cesmic-Ftay Nudei experiment tray designed by the Insti¬ 
tute of Advanced Studies in Dublin, Ireland and ESA-ESTEC. Note the apparent micrometeroid im¬ 
pacts on the experiment's cover. What appears to be two medium-sized impact craters can be seen in 
the centre of the tray. A larger crater is vistote in the left-hard comer of the tray. NASA 


Park Seed’s Research Director, Jim 
Alston, said: “There is a 98 per cent 
chance that most of the seed sent into 
orbit on LDEF will germinate and grow.” 
Alston says the long exposure may mean 
mutations and *We may see changes in 
the seed germination and/or growth.” 

Park Seed also flew other experiments 
on LDEF. Various seeds were flown in 
pressurised and unpressurised canis¬ 
ters. Corn, onion, cucumber and sun¬ 
flower, some of the seed varieties in the 


fully vented canisters exposed to vac¬ 
uum, may have lost the' moisture needed 
to keep them alive. Kudzu and Lotus 
seed, which have hard seed coats, may 
have retained their moisture and sur¬ 
vived. 

The 86 LDEF experiment trays are 
currently being removed from the 12 
sided framework and will be returned to 
the principal investigators for further 
analysis. Detailed results from the ex¬ 
periments are expected in mid-summer. 


This shot of the 'space-enff of LDEF shows the Heavy Ions in Space expenment tray designed by the 
Laboratory for Cosmic Ray Physics at the Naval Research Laboratory in Washington, DC. The experi¬ 
ment’s Kapton thermal covers have tom and peeled back. NASA 
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ROSAT 
Arrives for 
Launch 



The ROSAT X-ray telescope has ar¬ 
rived at the Kennedy Space Center 
for a launch scheduled for late May. 
The spacecraft Is a cooperative 
venture between West Germany, 
Britain and the US. 

ROSAT (Roentgen Satellite) is a scien¬ 
tific spacecraft designed to investigate 
X-ray emissions from celestial objects. 
Due to the increased sensitivity of the 
ROSAT instruments, the discovery of 
approximately 100,000 new X-ray 
sources is expected. The data collected 
during the mission will be used to produce 
a X-ray map of the sky. ROSAT will then 
investigate X-ray emitters of particular 
interest in more detail. 

The objects dominating the X-ray sky 
are neutron stars, supernova remnants, 
black holes, quasars and even entire 
galaxies. 

The UK’s Science and Engineering 
Research Council (SERC) has provided 
the spacecraft’s Wide Field Camera 
(WFC) which operates in the ultraviolet 
band as a second imaging telescope. The 
WFC was built under the leadership of 
Leicester University. The US Smith¬ 
sonian Astrophysical Observatory is 
providing ROSAT’s High Resolution 
Imager, an X-ray detector. 

ROSAT will be controlled by the Ger¬ 
man Space Operations Control Centre 
(GSOC) at Oberpfaffenhofen near Mu¬ 
nich. ROSAT will be in contact with GSOC 
for 48 minutes per day. 

The 2,426 kg spacecraft will be 
launched by a McDonnell Douglas Delta 
II provided by NASA. ROSAT will be 
placed into a 53 degree inclination, 580 
km high orbit where it will operate for at 
least 18 months. ROSAT was originally 
scheduled for launch in July 1987 on the 
Space Shuttle. Following the Challenger 
accident it was decided to transfer RO¬ 
SAT to an expendable launch vehicle. In 
1987 modifications began for launch on 
the Delta II. The solar panels were 
adapted to fold back within the fairing, the 
spacecraft's support struts were relo¬ 
cated and a Delta adapter added. 

West Germany’s Dornier is the space¬ 
craft prime contractor, responsible for 
the development, manufacture, integra¬ 
tion and testing of ROSAT. 


TOP: Installation of the Roentgen tele¬ 
scope in the spacecraft’s structure. 

LEFT: A technician works on the mirror 
system of the Roentgen telescope. 

RIGHT: ROSAT undergoes mechanical 
tests at Dornier. Note how the solar panels 
fold back for launch on a Delta II. Dornier 


The European Giotto probe has been re¬ 
activated after almost four years In 'hi¬ 
bernation mode’. On the night of March 
13/14, 1986 the 575 kg spacecraft passed 
605 km from the nucleus of Halley’s 
Comet at a speed of 05 km per second. Al¬ 
though the spacecraft suffered some 
damage caused by dust In the comet's 
coma, ESA scientists believe the probe 
can be re-routed to make a fly-by of 
Comet Grfgg Skjellerup In July 1992. 

Efforts to recontact Giotto began at 12:45 
GMT on February 19 when the European 
Space Operations Centre (ESOC) began 
transmitting a signal via NASA’s Deep 
Space Network (DSN) tracking station in 
Madrid, Spain. Just over two hours later, at 
15:06, a weak ratio signal from the space¬ 
craft was received - Giotto was back in 
operation. 

ESOC then commanded the spacecraft 
to point its high gain antenna towards Earth. 
Following this manoeuvre data received on 
February 24 and 25 showed Giotto was 
performing well. 

On February 26 the Flight Control Team 


at ESOC began a full check out of Giotto to 
determine the exact extent of damage dur¬ 
ing the Halley fly-by. 

On July 2, Giotto will pass within 22,000 
km of the Earth and will be redirected to¬ 
wards its new target, using Earth’s gravi¬ 
tational force to accelerate the spacecraft 
Giotto will fly-by Grigg Skjellerup in July 
1992. A decision on Giotto’s extended mis¬ 
sion must be taken before April 15 so a 
manoeuvre can be made on April 30 to place 
Giotto on the correct trajectory for the Earth 
gravity assist 

Comet Grigg Skjellerup does not pro¬ 
duce as much dust and gas as Halley so its 
nucleus should be easily seen when Giotto 
makes its fly-by. 

The Giotto spacecraft was launched by 
an Ariane 1 on July 2, 1985. In April 1986, 
following its spectacular encounter with 
Halley’s Comet, Giotto was placed in hiber¬ 
nation mode, orbiting the Sun every ten 
months at a distance of 100-200 million km 
from Earth. In June 1988 ESA’s Science 
Programme Committee approved the reac¬ 
tivation of Giotto to assess its readiness for 
a second cometary encounter. 


ESA’s New 
Director General 

The ESA council has unanimously 
elected Jean-Marie Luton to the post 
of Director General. He will replace 
Professor Reimar Last who will 
reach the end of his four year term as 
Director General on September 30 
this year. 

Mr Luton is French and is at present 
Director General of the French space 
agency, CNES. He joined CNES in 
1974 and is the CNES representative 
on the Arianespace Board of Directors. 
In May 1987 he joined Aerospatiale and 
became Director of Space programmes 
in the Department of Space and Strate¬ 
gic Systems. Mr Luton is currently a 
French delegate to the Council of ESA. 
He will take up his duties at ESA on Oc¬ 
tober 1, 1990. 



Jean-Marie Luton CNES 
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PEGASUS PREVIEW 


Pegasus Set for April Launch 


The Pegasus air-launched space 
boaster Is now scheduled to make Its 
maiden flight In early April. The 49 ft long 
booster will carry a NAS A/D AR PA (De¬ 
fense Advanced Projects Research 
Agency) payload Into a polar orbit Peg¬ 
asus has been developed by Orbital Sci¬ 
ences Corporation (OSC) and Hercules 
Incorporated. 

Pegasus successfully completed its 
third captive test flight on January 30, leav¬ 
ing the way dear for the first launch of the 
booster. The final test flight simulated ac¬ 
tivities leading up to the point of launch and 
included two simulated launch cydes. The 
B-52 carrier aircraft reached an altitude of 
approximately 43,000 feet. The simulated 
launch occurred within seconds of the des¬ 
ignated drop time and at the precise geo¬ 
graphic location. 

Only minor problems were experienced 
during the final test flight and it seemed the 
first Pegasus launch could be attempted in 
early-March. However, DARPA wanted 
additional time to ensure all was ready for 
the first launch and the maiden flight was re¬ 
scheduled for early April. The launch win¬ 
dow for the first Pegasus flight is dictated by 
the requirements of the NASA payload. 

The payload for the first Pegasus will be 
integrated with the launch vehicle about five 
days before launch. Rollout of the booster 
and mating with the B-52 carrier aircraft will 
occur the day prior to launch. 

The B-52, with Pegasus attached, will 
take off from Edwards Air Force Base. 
About an hour after take off, the B-52 will 
reach the pre-determined drop point over 
the Pacific Ocean about 50 miles east of 
Vandenberg AFB. At an altitude of about 
12,000 metres and a speed of Mach 0.8 the 
B-52 pitot, former astronaut Gordon Fuller¬ 
ton, will release Pegasus from the aircraft. 
The booster will fall for about five seconds 
and 100 metres below the B-52 before the 
first stage ignites. About 81.3 (all times ap¬ 
proximate) seconds later the first stage 
burns out and is separated. The booster 
makes a 5.8 second coast under the control 
of a cold gas thruster system. The second 
stage ignites 87.1 seconds into the flight. 
The payload shroud separates at 121 sec¬ 
onds. At 158.5 seconds the second stage 
bums out and is separated. Pegasus coasts 
for 310.6 seconds. Then at 469 seconds the 
third stage provides the final thrust to place 
the payload into a circular polar orbit of 
about 370 miles. During the flight, Pegasus 

The PEGS AT payload attached to the Pegasus 
booster. The Glomar satellite is the black sphere 
on the iar left. OSC 




The Pegasus booster attached to its B-52 carrier aircraft during a captive test flight 


will be monitored by an Air Force and OSC 
team. If the booster goes out of control the 
Range Safety Officer will destroy it 

If the first flight is sua»ssful a second 
launch could be attempted in the summer. 

PEGSAT Payload 

The first Pegasus test flight will carry a 
multiple payload known as PEGSAT, con¬ 
sisting of a Navy experimental communica¬ 
tions relay satellite, a NASA gas release 
experiment and instrumentation to record 
the payload environment during launch. 

The 68kg Navy Glomar satellite, spon¬ 
sored by DARPA, will help to develop a 
system for military data relay and for track¬ 
ing Soviet submarines under the ice pack. 

The NASA experiment, sponsored by the 
Goddard Space Flight Center, involves the 
release of barium gas in orbit The two gas 
canisters were initially part of the Combined 
Release and Radiation Effects Satellite 
(CRRES). CRRES was transferred from a 
Shuttle flight to an expendable vehicle fol¬ 
lowing the Challenger accident However, 
some of the experiment’s canisters could 
not be accommodated on the Atlas booster. 
NASA had considered launching the re¬ 
maining canisters on a Scout rockets but 
Pegasus offered a substantially cheaper 
alternative for at least two of the canisters. 
The gas will be released over the Caribbean 
approximately 30 and 60 days after launch. 
Following the release of the barium gas, 
radar and optical sensors will study the in¬ 
teraction of the chemical with the magnetic 
and electrical fields in the magnetosphere 
and ionosphere. 

The first Pegasus will also carry instru¬ 
ments to record the payload environment 
for future reference. Attitude, temperature, 
pressure, structural loading and vibration 
will be measured during the mission. 

History 

Pegasus is the first. unmanned launch 
vehicle to be developed In the US in 20 
years, excluding modifications to existing 
vehicles. Development of Pegasus began 
in 1987 and in February 1988 DARPA is¬ 
sued a request for an air-launched booster. 


During the summer of 1988 a contract was 
finalised between OSC/Hercules and 
DARPA clearing the way for the construc¬ 
tion of the first Pegasus vehicle. The con¬ 
tract provides for one Pegasus launch and 
options for five additional launches. 
DARPA has exercised two of the launch 
options, one for its own use and one for use 
by the US Air Force. The price payable for 
the three confirmed launches is approxi¬ 
mately $18 million. If all remaining options 
under the DARPA contract are exercised, 
the total value of the contract will be approxi¬ 
mately $36 million. 

The OSC has entered into a launch res¬ 
ervation agreement with Ball Aerospace for 
the BGS-100 commercial communications 
satellite currently being developed by Ball. 
The Swedish Space Corporation (SSC) has 
reserved a Pegasus launch for its FREJA 
science satellite. SSC has also reserved a 
piggyback launch for FREJA on a Chinese 
Long March 2. SSC will have to decide which 
launch vehicle to use at a later date. 

Pegasus Spin-Offs 

OSC is developing two Pegasus derived 
vehicles. Taurus (formerly known as the 
Standard Small Launch Vehicle) is basi¬ 
cally a Pegasus vehicle, minus the wing, 
with the addition of a Peacekeeper ICBM as 
the first stage. Taurus is ground-launched 
from a mobile launch pad. DARPA has con¬ 
tracted one launch of the Taurus vehicle and 
has options for four additional launches. 
The contract for the first launch is worth 
approximately $10 million. If all launch op¬ 
tions are exercised the total value of the 
contract will be approximately $68 million. 
Under the current schedule the first Taurus 
launch is planned for 1992 from Vanden¬ 
berg Air Force Base. 

In 1989, OSC began design and analysis 
of Cygnus, a ground-launched version of 
the Pegasus vehicle, without the wing and 
including minor modifications relating to the 
ground-launch capability. Lacking the air- 
launched and aerodynamic lift-assisted 
characteristics of Pegasus, Cygnus would 
provide approximately one-half the payload 
capacity of the air-launched booster. 
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STS-31 PREVIEW J 


Hubble Space Telescope Finally Set for Launch 

Discovery Poised for April 12 Blast-Off 

The Hubble Space Telescope (HST) Is 
probably the most eagerly awaited 
Shuttle payload. The frequently de¬ 
layed spacecraft Is now set for launch 
on April 12 by the Space Shuttle Dis¬ 
covery during mission STS-31. The 
telescope will dramatically Increase 
our knowledge of Universe. 

The space telescope project received 
official approval from Congress in 1977. 

Originally scheduled for launch in 1983, 
the telescope has suffered numerous 
delays. It finally looked set for launch in 
August 1986 but the Challenger accident 
delayed the deployment by nearly four 
years. 

During the delay programme officials 
made several improvements, including 
more efficient ground and flight software, 
improvements to ease astronauts’ on 
orbit work, a longer life power system with 
new solar arrays - provided by British 
Aerospace - and an increased lifetime on 
many components. 

Since the resumption of Space Shuttle 
missions, the Hubble Space Telescope 
has found itself continually rescheduled 
as planetary missions and flights for the 
Department of Defense took priority. A 
final delay was caused by concerns about 
one of the Solid Rocket Boosters (SRBs) 
slated for mission STS-31. The suspect 
booster had to be replaced and the Hubble 
deployment was delayed until April 18. 

However, processing work at the Ken¬ 
nedy Space Center has proceeded better 
than expected and there are seven days 
of contingency time built into the sched¬ 
ule should any problems arise. NASA 

officials are confident they will be meet a . .... . . .. u 

' _. An artist s impression of the Hubble Space Telescope following deployment from Discovery. NASA 

new target date of April 12. Discovery was 

due to be rolled out of the Vehicle Assem- deployment crew when the flight was the HST while the telescope’s various 

bly Building to the launch pad on March scheduled for 1986. systems are activated and the solar pan- 

16. els and high-gain antenna are deployed. 

The Mission With these initial functions satisfactory 

The Crew STS-31 is due to blast off from launch completed, a number of subsystems on 

Commander for STS-31 is Loren pad 39-B at the Kennedy Space Center, the telescope will be turned on and 

Shriver, a Colonel in the US Air Force. at 09:21 EDT on April 12. The launch checked out. When ground controllers al 

Shriver previously flew as pilot on a clas- window lasts four hours. If the mission is NASA’s Goddard Space Flight Center are 

sified Department of Defense Shuttle postponed the launch time will be ap- satisfied that the satellite is functioning 

mission, STS 51-C, in January 1985. His proximately one minute earlier for each properly, the orbiter will be free to move 

pilot Charlie Bolden is a Colonel in the US day of Delay. away and continue its mission. 

Marine Corps. Bolden served as pilot of Discovery will be placed into a 310 x 

Columbia on STS 61-C in January 1986. 330 nautical mile, 28.5 degree inclination Experiments 

Mission Specialists for STS-31 are orbit. STS-31 experiments and secondary 

Steve Hawley, Bruce McCandless and According to current mission plans, payloads include: Protein Crystal Growth 

Kathryn Sullivan. Hawley flew on STS 41- deployment of the Hubble Space Tele- (PCG-lll-03), Investigation into Polymer 

D in August 1984 and STS 61-C in Janu- scope is scheduled to occur at Mission Membranes Processing (IPMP), Radia- 

ary 1986. McCandless became the first Elapsed Time one day, five hours and 23 tion Monitoring Equipment (RME - to 

astronaut to make an untethered space minutes. First the telescope will be re- measure gamma' radiation levels in the 

walk when he made the first Manned leased from the payload bay latches. Shuttle environment), AMOS (Air Force 

Maneuvering Unit EVA in February 1984 Then Mission Specialist Steve Hawley Maui Optical Station - to calibrate ground 

during mission STS 41-B. McCandless is will lift the 11,250 kg spacecraft out of the based electro-optical sensors and to 

one of NASA longest serving astronauts payload bay using the orbiter’s Remote study orbiter plumes from water dumps 

having joined the space agency in 1966. Manipulator System (RMS) arm. After the and OMS burns), Ascent Particle Monitor 

Sullivan became the first US woman to telescope has been correctly positioned (APM - collects particulate material from 

make a space walk on mission STS 41-G for deployment and any vibrations have the orbiter during ascent) and a student 

in October 1985. died down, Hawley will release the RMS’s experiment. 

Bolden, Hawley, McCandless and Sul- grip on the spacecraft. The mission will conclude with a land- 

livan were members of the original HST Discovery will remain in the vicinity of ing at Edwards Air Force Base. 



deployment crew when the flight was 
scheduled for 1986. 

The Mission 

STS-31 is due to blast off from launch 
pad 39-B at the Kennedy Space Center, 
at 09:21 EDT on April 12. The launch 
window lasts four hours. If the mission is 
postponed the launch time will be ap¬ 
proximately one minute earlier for each 
day of Delay. 

Discovery will be placed into a 310 x 
330 nautical mile, 28.5 degree inclination 
orbit. 

According to current mission plans, 
deployment of the Hubble Space Tele¬ 
scope is scheduled to occur at Mission 
Elapsed Time one day, five hours and 23 
minutes. First the telescope will be re¬ 
leased from the payload bay latches. 
Then Mission Specialist Steve Hawley 
will lift the 11,250 kg spacecraft out of the 
payload bay using the orbiter’s Remote 
Manipulator System (RMS) arm. After the 
telescope has been correctly positioned 
for deployment and any vibrations have 
died down, Hawley will release the RMS’s 
grip on the spacecraft. 

Discovery will remain in the vicinity of 


the HST while the telescope’s various 
systems are activated and the solar pan¬ 
els and high-gain antenna are deployed. 
With these initial functions satisfactory 
completed, a number of subsystems on 
the telescope will be turned on and 
checked out. When ground controllers at 
NASA’s Goddard Space Flight Center are 
satisfied that the satellite is functioning 
properly, the orbiter will be free to move 
away and continue its mission. 

Experiments 

STS-31 experiments and secondary 
payloads include: Protein Crystal Growth 
(PCG-lll-03), Investigation into Polymer 
Membranes Processing (IPMP), Radia¬ 
tion Monitoring Equipment (RME - to 
measure gamma' radiation levels in the 
Shuttle environment), AMOS (Air Force 
Maui Optical Station - to calibrate ground 
based electro-optical sensors and to 
study orbiter plumes from water dumps 
and OMS burns), Ascent Particle Monitor 
(APM - collects particulate material from 
the orbiter during ascent) and a student 
experiment. 

The mission will conclude with a land¬ 
ing at Edwards Air Force Base. 
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COMMERCIAL SPACE TRANSPORT 


Commercial Space Transport in the US 


Of the commercial space enter¬ 
prises which seem within the range 
of possible achievement In the next 
decade, none seems so glamorous 
as that of commercial space trans¬ 
port. Unfortunately, few seem more 
difficult of achievement as a purely 
entrepreneurial venture. 

The reasons for this difficulty are 
manifold. There are the multitudinous 
regulatory problems and concerns 
with range and pad safety, etc. This will 
be discussed in more detail later. At 
the root of the problem however is the 
nature of the device with which we are 
dealing. 

Safety and Facilities 

Rockets carrying any worthwhile 
payload tend to be fairly large. Not only 
must the vehicles be launched from an 
area meeting certain safety require¬ 
ments, but they must be thoroughly 
ground tested in static test facilities in 
order to have any reasonable confi- 


By J.R. French, 

JRF Engineering Services 

dence of success (notwithstanding 
the optimism or innocence of certain 
early entrepreneurial efforts). This 
requires a substantial investment in 
test hardware as well as in test facili¬ 
ties and equipment. Perhaps most sig¬ 
nificant of all is the result of a failure. If 
one is developing an electronic device 
(the subject of most high technology 
entrepreneurial ventures to date) a 
major failure usually results in open¬ 
ing the windows to relieve the smell 
and replacement of a few tens or hun¬ 
dreds of dollars worth of damaged 
components. An equivalent failure in 
a rocket engine or launch vehicle static 
test can result in extensive and expen¬ 
sive damage. In many cases, the con¬ 
dition of the hardware makes analysis 
of the failure difficult. All this trans¬ 
lates into an expensive program as 


compared with, for example, the de¬ 
velopment of a personal computer. 

Suitable static test facilities must be 
sufficiently isolated that the noise, ex¬ 
haust clouds, and perceived risk do 
not cause problems with the public. A 
more serious constraint rs the plethora 
of environmental and archaeological 
restrictions which have grown up over 
the past two decades. It is virtually 
impossible to find an area outside 
existing test and launch facilities 
which is acceptable to environmental¬ 
ists, archaeologists, tribal groups, 
etc. for use as a rocket test or launch 
facility. In fact, it is no great exaggera¬ 
tion to state that, if these constraints 
had existed in the 1950’s and 1960’s, 
the current U.S. test and launch facili¬ 
ties might not exist. 

Fortunately, the facilities do exist 
and, as a result of an enlightened pol¬ 
icy of the U.S. government, can be 
available to private companies under 
certain conditions including payment 
of direct operating costs. The forego¬ 
ing should not be construed as saying 
that there will never be private test and 
launch facilities. There probably will 
be such but only after a long uphill 
struggle against the nay-sayers. 

This leads to the probability that any 
near future entrepreneurial commer¬ 
cial space venture will conduct its 
ground test and launch activities using 
facilities owned and operated by the 
U.S. government. This means con¬ 
forming to the rules and regulations, 
particularly those concerned with 
safety, which have grown up over 
years of operation. 

No responsible company would 
wish to operate in an unsafe manner 
and any company which would do so 
should be restrained from such action. 
The issue is not with safety as such but 
rather with the approach to ensuring 
safety. Since the ranges and test sites 
have been accustomed to operate with 
government programs and govern¬ 
ment contractors, minimum cost and 
maximum efficiency have not been 
major criteria. The process, while 
thorough, tends to be somewhat pon¬ 
derous and paper intensive. This can 
be a major burden on a small entrepre¬ 
neurial company. 

The majority of range and test site 
personnel are most helpful and suppor¬ 
tive toward entrepreneurial space trans¬ 
port efforts. However, they cannot violate 
the rules of their organisation and thus 
their flexibility is limited. A major advan¬ 
tage of non-governmental launch and test 
facilities might be streamlined proce¬ 
dures which take the meat of the existing 
government range procedures but elimi¬ 
nate the “boilerplate”. 

While a self-guided launch vehicle is 


Space Services Inc.'s Starfire 1 two-stage solid-fuelled sounding rocket lifts off from White Sands 
M : ssii« Range in New Mexico - the first commercial ‘sDace’ launch US Army 
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perfectly capable of going into orbit with¬ 
out further interaction with ground facili¬ 
ties once launched, it is necessary to 
track the vehicle and to receive teleme¬ 
try from the vehicle for status monitoring, 
range safety, and post flight analysis. 
This implies a need for some investment 
in tracking and telemetry facilities. Con¬ 
sideration of up front costs again tends to 
favour use of existing government facili¬ 
ties even though private facilities may 
show promise of lowering recurring cost. 


LOW EARTH ORBIT PAYLOAD CAPACITY (kg) 
OF CURRENT AMERICAN AND EUROPEAN 
LAUNCH VEHICLES 


The Market 

Discussion of the market for commer¬ 
cial launch vehicles can rapidly degener¬ 
ate into acrimony. The true zealot will 
claim hundreds of launches over the next 
decade and invoke a mythical "shelf’ 
lined with satellites waiting to be 
launched. The grey-bearded guardians 
of the status quo will ridicule these claims 
and say that we have all the launch capac¬ 
ity we can possibly use and in fact face a 
glut of launch capacity. 

A reasonable person would expect 
truth, as usual, to lie somewhere between 
the extremes. Let us assume that the 
Shuttle remains a non-contender in the 
commercial field, as it probably should. 
Considering the range of available 
launchers, it would appear that the upper 
end of the payload scale is well populated 
and that the projected glut may well soon 
exist. The above graph shows approxi¬ 
mate capability to low Earth orbit (LEO) 
of American and European launchers. 
Note that the various Delta, Ariane, Atlas, 
and Titan models tend to overlap and 
compete. Further, the trend seems to be 
toward larger sizes with the smaller 3900- 
series Deltas and Ariane 1, 2 and 3 al¬ 
ready extinct. 

The small payload end of the spectrum 
is populated by the Scout and the air- 
launched Pegasus (yet to be flown at the 
time of this writing). 

Between these clusters of vehicles 
exists a substantial gap. An operator with 
a payload and mission requirement one 
to two tonnes in LEO is faced with pur¬ 
chasing a Delta II or an Ariane 4. The 
substantial excess payload and high cost 
suggest sharing a launch with another 
payload. This is often done but is not an 
unmixed blessing because of the often 
conflicting requirements between two 
payloads and the concern that problems 
with one payload can delay the launch of 
the other. 

The growing interest in small to me¬ 
dium size low cost satellites increases 
the interest in moderate payload launch 
vehicles, especially if modest launch 
costs can be achieved. Scout and Peg¬ 
asus will suffice for LEO missions for the 
smaller satellites but are marginal at best 
for geosynchronous and deep space 
missions. That there is interest in small 
low-cost spacecraft for such missions is 
demonstrated by the enthusiastic re¬ 
sponse to the Ball Aerospace BGS-100 
and BGS-400 spacecraft concepts at the 
1989 Paris Air Show. 

As a rough rule of thumb, useful pay- 
load delivered to GEO will be about 1/3 of 


initial mass in LEO. It is clear from this 
that existing launchers are a poor match 
for 100 to 400 kg GEO spacecraft and for 
LEO spacecraft over 1000 but less than 
3000 kg. As stated earlier, it is possible 
to launch these spacecraft as shared 
payloads but the problems involved in 
multiple manifesting would make a dedi¬ 
cated launcher attractive to many cus¬ 
tomers if the cost is competitive. 

The Players 

A number of companies are or claim to 
be in the commercial space transport 
business. They can generally be subdi¬ 
vided into three broad classes. The first 
includes the mainline launch vehicle 
companies. These organisations are 
marketing commercial versions of launch 
vehicles originally developed under gov¬ 
ernment contract. The second class in¬ 
cludes entrepreneurial efforts which are 
working with actual hardware which has 
flown or is planned to fly soon. The final, 
and by far the largest, class includes 
those organisations which to date have 
produced only ideas and paper. 

At first glance, it would seem that the 
older companies with existing, flight- 
proven launch vehicles would have a 
distinct advantage. Indeed this is the 
case insofar as having customer recog¬ 
nition ayi a fully developed product are 
concerned. The unfortunate aspect is 
that these vehicles were developed for 
and are still being manufactured under 
government contract. The commercial 
and the government contract vehicles are 
all produced on the same assembly line. 
It is simply not operationally or economi¬ 
cally feasible to produce one vehicle to 
government specifications while the next 
in line meets commercial criteria. Thus it 
is very difficult to achieve the savings 
expected from commercial vs govern¬ 
ment operations. Even if this were not the 
case, the requirements of government 
contracting are such that it is probably not 
legal to sell essentially identical vehicles 
for different amounts to government and 


commercial customers. 

Despite these problems, commercial 
sales of Delta, Atlas, and Titan have been 
successfully concluded. These have 
generally been for high value payloads 
such as communications satellites. 
Plans to place an upgraded version of the 
Scout vehicle in production are in proc¬ 
ess. It is presumed that these vehicles 
will be available for commercial pur¬ 
chase. In the past, Scout has been criti¬ 
cised as having a very high cost per pound 
to orbit. Overall, planned or current com¬ 
mercialisation of existing vehicles has 
made no significant impact on the small, 
low cost satellite market. 

The entrepreneurial companies which 
are involved with actual hardware are the 
most exciting to the majority of observ¬ 
ers. The two most obviously successful 
are Orbital Sciences Corp. (OSC) and 
Space Services Inc. (SSI). 

OSC’s first project was development 
of the Transfer Orbit Stage (TOS) as an 
upper stage for the Shuttle and for the 
Titan III and IV. In the launch vehicle field, 
the innovative Pegasus, a winged air- 
launched orbital vehicle, is being pre¬ 
pared for its first launch in early 1990. The 
air launch offers unusual flexibility in 
launch azimuth and orbit inclination. The 
price per launch of this vehicle is ex¬ 
pected to be considerably less than that 
of Scout, the competition in its payload 
class. However, until the vehicle is dem¬ 
onstrated, there is some concern regard¬ 
ing the additional complexity of air- 
launch and the aerodynamically sup¬ 
ported hypersonic first stage. 

OSC has recently expanded via the 
purchase of Space Data Corp. This com¬ 
pany, now functioning as a division of 
OSC, was recently awarded a contract by 
the Defense Advanced Research Proj¬ 
ects Agency (DARPA) to develop a 
launcher for small satellites. Presumably 
some version of this vehicle will be avail¬ 
able commercially. 

SSI is probably the oldest active player 
in the game. Founded in the late 1970’s, 
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1989, p.406). This failure following the 
death of George Koopman, president and 
CEO, in a single car automobile accident The Future 

during preparation of this article poses a As someone (it may have been Arthur 
major question as to the future course of C. Clarke) has observed, prediction is 
AMROC. very difficult, especially when it concerns 

The original management of SSI, after the future. Given this, it would be most 

departure from that company, set up in presumptuous to make firm predictions 

business as Pacific American Launch regarding the future of commercial space 

systems (PALS). After spending several transportation. A few observations would 

years on a manned single-stage-to-orbit not be out of place however, 

vehicle which was criticised by many as It seems most probable that the old- 
being quite unrealistic in terms of dry line launch vehicle companies will con- 

mass and mass ratio, the company has tinue in this arena and will be reasonably 

more recently been promoting the "Lib- successful. Experience will eventually 

erty" launch vehicle concept. This is a sort out the current confusion as to how 

return to the low-cost simple vehicle for to interleave commercial and govern- 

unmanned applications, it is reported that ment activities. These vehicles will re- 

some vehicle hardware has been built main expensive both in absolute cost and 

however planned rocket engine tests cost per pound of payload, 

have not come to pass. Predictions regarding the^entrepre- 

Another entrepreneurial company neurial companies are more difficult both 

which can claim a launch is E-Prime Aero- in general and specifically. It is my firm 

space. Formed by a group of ex-NASA conviction that a viable market exists for 

employees, this company proposes a a launch vehicle in the one to two tonne to 

solid propellant launch vehicle which, LEO class. However, the presence of a 

from the drawings, appears to draw heav- viable market is by no means a guaran¬ 
ty upon modern strategic missile tech- tee of success given the vagaries of finan- 

nology. However, the launch referred to cial support and the management prob¬ 

ative was a small rocket of a type com- lems to which so many new start compa- 
monly flown by serious amateur rocket nies fall prey. The tenacity of those de¬ 
hobbyists in the U.S. Ironically the ve- voted to the concept is legend however 

hide, which reached an altitude of about and it is certain that some will continue to 

6000 m, was launched from Pad 37 at try. Given their record to date, OSC would 

Cape Canaveral, once the home of the seem to be in the lead position if Pegasus 

mighty Saturn IB. The company justified is successful. Even a success by OSC 

the launch as verifying operational proce- does not preclude success by others as 

dures with the range but this hardly well. The next year will sort out much of 

seems credible since none of the major the confusion among current players and 

issues of range and pad safety would be may show new ones entering the game. 


VISION OF SPACE 

Soar above the red deserts of Mars, marvel at ringed Saturn from 
the craggy surface of one of its moons. Travelling through the 
Solar System is much easier than you thought: simply invest in a 
40-slide set of space art available now. 

This is your chance to own a superb 40-slide collection show¬ 
ing the best works of Space Art pioneer the late Chesley 
Bonestell, a former Fellow of the society. 

“Chesley Bonestell’s pictures,” Wernher von Braun once said, 
“are more than just reproductions of beautiful ethereal paintings 
of worlds beyond. They present the most accurate portrayal of 
those far-away heavenly bodies that modern science can offer” 

For the incredibly low price of £18 (US$32), including P&P and 
VAT, you will receive 40 slides showing the golden age of 
Bonestell from the late 1940s to the 1960s, in their own presenta¬ 
tion box, "together with a cassette tape describing the pictures. 

Pictures presented include: “Lunar Landscape,” “Moon Land¬ 
ing,” “Eclipse of Sun by Earth," “Creation of the Moon’s Mare Im- 
brium,” "The Planet Saturn," “Recoverable Winged Shuttle Ve¬ 
hicle,” “Baby Space Station," "The Planet Mars” and many more. 

These pictures are now collector’s items, so only a small num¬ 
ber are available. 

To be sure of your set send your order and remittance now to: 
The British Interplanetary Society, 27/29 South Lambeth Road, 
London SW8 1SZ. We will dispatch your slide set and cassette 
immediately while stocks last. 

Chesley Bonestell was awarded the Society’s Bronze Medal for 
his outstanding contributions to the promotion of public interest in 
astronautics. A full account of Ns life and work appeared in 
Spaceflight, March 1969. 



SSI first proposed a low-cost liquid pro¬ 
pellant launch vehicle. A single stage 
demonstration vehicle was built which 
exploded on the pad during an attempt at 
static firing the engine prior to launch. 
This was the first test on the engine. The 
financial backers then brought on a new 
management team headed by ex-astro- 
naut Deke Slayton. The re-vamped SSI 
proposes a family of launch vehicles nick¬ 
named “Conestoga” based upon well- 
proven solid rocket motors of the “Cas¬ 
tor” series. While SSI has yet to sell a 
Conestoga, they can claim success in 
selling launch services in that the com¬ 
pany has won a contract to launch several 
sounding rockets for zero gravity materi¬ 
als processing experiments. The first of 
these Black Brant variants has already 
flown. (Actually this is not SSI’s first 
launch. Shortly after the realignment of 
the company, a modified Aries sounding 
rocket was launched from an island off the 
Texas coast near the site of the earlier 
explosion. However, this was a demon¬ 
stration supported by company funding, 
not a commercial venture.) 

American Rocket Company (AMROC) 
was founded in 1985. The company ap¬ 
proach was based upon the use of hybrid 
(solid fuel/liquid oxidizer) rocket en¬ 
gines. Original plans were based upon 
very optimistic estimates of the technical 
maturity of the hybrid engines. Develop¬ 
ment has taken much longer than origi¬ 
nally planned and it was not until October 
1989 that the company was able to at¬ 
tempt a first launch of a single stage sub¬ 
orbital hybrid rocket. The launchwas a 
total failure. (Spaceflight December 
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SATELLITE DIGEST 


SATELLITE DIGEST-228 


Satellite Digest Is produced In two sections. Orbital Data Is In the form of a table which lists each satellite’s 
name, International designation, launch time and date, launch site, launch vehicle, perigee, apogee, period 
and Inclination. Launch times are approximate, except when marked with an asterisk, when the time given Is 
that Issued by the launching agency. All times are GMT. Soviet launch vehicles have been named by the US DoD 
system of classification and when known by the Soviet name. Orbital data has been provided by the Royal 
Aerospace Establishment The first section, Satellite Data, contains notes on each satellite’s mission. 


SKYNET 4A (1990-01A): British Ministry of 
Defence communications satellite. Posi¬ 
tioned in geostationary orbit at six degrees 
east. Provides secure strategic and tactical 
communications between British armed 
forces around the world. 

JCSAT 2 (1990-01B): An HS 393 commu¬ 
nications satellite built by the Hughes Air¬ 
craft Company built lor the Japanese Com¬ 
munications Satellite Company. JCSAT-1 
was launched on Ariane V29 in March 1989. 
STS-32 (1990-02A): The Space Shuttle 
Columbia, .with astronauts Brandenstein, 
Wetherbee, Dunbar, Ivins and Low aboard, 
was launched to deploy the Leasat 5 satel¬ 
lite and to recover the Long Duration Expo¬ 
sure Facility (LDEF). See Spaceflight, 
March 1990 p.88-95 for further details. 
LEASAT 5 (1990-2B): To be positioned at 
177 degrees in geostationary orbit over the 
Pacific Ocean. Provides communications 
for US military. Users include mobile air, 
surface, submarine and fixed ground sta¬ 
tions of the Navy, Marine Corps, Air Force 
and Army. Known as SYNCOM IV-05 before 
deployment. See Spaceflight, March 1990 
p.89 for further details. 

COSMOS 2055 (1990-3A): Photo recon¬ 
naissance satellite based on the Vostok 
capsule. Recovered January 29. 

COSMOS 2056 (1990-4A): Military commu¬ 
nications satellite. 

SPOT-2 (1990-5A): Second French remote 
sensing satellite. 

UOSAT-3 (1990-5B): Communications 
satellite designed to receive then retrans¬ 
mit digital messages from around the world. 
Known as UoSAT-D before launch. See 
p.141 for further details. 

UOSAT-4 (1990-5C): Designed to demon- 

ORBITAL DATA _ 


SATELLITE DATA 

strate the performance of Transputers, so¬ 
lar cells and CCD cameras over long peri¬ 
ods in space. Communications with 
UoSAT-4 were lost 30 hours after launch. 
Attempts are now underway to regain con¬ 
tact with the satellite. Known as UoSAT-E 
before launch. See p.141 for further details. 
PACSAT (1990-5D): Communications sat¬ 
ellite designed to receive a digital message 
from one point of the world, then transmit it 
later to another point, the address of which 
had also been recorded onboard. Weighs 
about 10-12 kg. Known as MICROSAT A 
before launch 

DOVE (1990-5E): Digital Orbiting Voice 
Encoder (DOVE). A scientific satellite de¬ 
signed for educational projects. Students 
equipped with a very simple portable re- 

HrTEN (MUSES A): 
JAPAN’S LUNAR PROBE 


Reaction Control System 



Solar Battery I 


Low Gain Antenna 


carver will be able to receive messages via 
a synthesized voice aboard the satellite. 
Weighs 12 kg. Known as MICROSAT B be¬ 
fore launch. 

WEBERSAT (1990-5F): Developed by 
Weber State College, Utah with AMSAT- 
NA, the satellite carries a colour CCD cam¬ 
era to photograph and transmit images of 
the Earth with a resolution of 2-3 km. Weighs 
about 14 kg. Known as MICROSAT C before 
launch. 

LUSAT (1990-5G): Similar to Pacsat. 
Sponsored by AMSAT-Argentina. Known 
as MICROSAT D before launch. 

MOLNIYA 3-37 (1990-8A): Domestic com¬ 
munications satellite in highly ''elliptical or¬ 
bit. 

HITEN (1990-07A): Japanese Moon probe. 
Mother craft due to inject a small 11 kg Lu¬ 
nar Orbiter into orbit around the Moon in 
mid-March. Initially known as Muses-A. 
Hiten is a subject of Buddha, who plays 
music in heaven. See Spaceflight, March 
1990, p.74 for further details. 

NAVSTAR 2-06 (199008A): The sixth new 
generation navigation satellite that forms 
part of the Global Positioning System 
(GPS). Also known as USA 50. 

COSMOS 2057 (199O-09A): Military photo 
reconnaissance satellite carrying return 
capsules. 

COSMOS 2058 (1990-10A): Electronic in¬ 
telligence satellite. 

UPDATES 

COSMOS 1662 (1985-50A): A military sat¬ 
ellite. Decayed November 16 after 1,620 
days in orbit. Reentry observed from S. 
Manitoba, Canada. 


Name & International 

Launch Time 

Launch 

Launch 

Perigee 

Apogee 

Period 

Inclln. 

Designation 

and Date 

Site 

Vehicle 

(km) 

(km) 

(min.) 

(deg.) 









l 

SKYNET 4A, 1990-01A 


1990 LAUNCHES 






0007* 1 January 

Pad 40, CCAFS, USA 

Titan III 

33,676 

35,704 

1,380.31 

3.37 

JCSAT 2, 1990-01B 




35,777 

35,797 

1,436.03 

0.28 

STS-32, 1990-O2A 

1235" 9 January 

Pad 39A, KSC, USA 

Columbia 

293 

358 

90.85 

28.50 

LEASAT 5, 1990-02B 




34,858 

36,363 

1,426.98 

1.41 

COSMOS 2055, 1990-03A 

1438 17 January 

Plesetsk, USSR 

SL-4 Soyuz 

249 

262 

89.62 

62.82 

COSMOS 2056, 1990-04A 

1258 18 January 

Plesetsk, USSR 

SL-8 Cosmos 

776 

810 

100.76 

74.04 

SPOT-2, 1990-05A 

0135* 22 January 

GSC, French Guiana 

Ariane 40 

825 

826 

101.46 

98.72 

UOSAT 3, 1990-05B 




790 

805 

100.88 

98.71 

UOSAT 4, 1990-05C 




788 

805 

100.86 

98.72 

PACSAT, 1990-05D 




789 

805 

100.86 

98.71 

DOVE, 1990-05E 




788 

805 

100.86 

98.72 

WEBERSAT, 1990-05F 




787 

805 

100.85 

98.72 

LUSAT, 1990-05G 




787 

805 

100.84 

98.72 

MOLNIYA 3-37, 1990-06A 

0253 23 January 

Plesetsk, USSR 

SL-6 Molniya 

598 

39,748 

717.61 

62.78 

HITEN, 1990-07A 

1146’ 24 January 

Kagoshima , Japan 

M-3S-2 


HIGHLY ELUPTICAL EARTH ORBIT 

NAVSTAR 2-06, 1990-08A 

2248 24 January 

Pad 17 CCAFS, USA 

19,975 

20,172 

713.56 

54.65 


COSMOS 2057, 1990-09A 

1717 25 January 

Plesetsk, USSR 

SL-4 Soyuz 

179 

341 

89.70 

62.84 

COSMOS 2058, 1990-1OA 

1117 30 January 

Plesetsk, USSR 

SL-14 Soyuz 

633 

665 

97.77 

82.51 
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LAUNCH VEHICLES 


New Space Careers for 
Former Military Missiles 






Rows of Titan II rockets in storage at Norton Air Force Base. Joel Powell 

Faced with increased misgivings about the ability of the civilian Space 
Shuttle to deliver military payloads to orbit on a regular basis, the US Air 
Force decided In 1985 to reduce their reliance on tjie shuttle by procuring 
a fleet of complimentary Expendable Launch Vehicles (ELVs). The Air Force 
eventually ordered 23 brand new Titan IV, 20 uprated Delta II and 11 Atlas II 
ELVs to carry the majority of the Defence Department's future payloads, a 
very timely move in view of the Challenger accident in 1986 that resulted In 
a two and a half year grounding of the shuttle programme. 

Not all of the new ELV fleet will come straight off the assembly line, how* 
ever. Fourteen retired Titan II ICBMs have been earmarked fro space use 
after serving on strategic alert for nearly 25 years in underground silos. 
Beginning in October 1982 the LGM-25C Titan II weapon system was deac¬ 
tivated over a 5 year period as part of former President Ronald Reagan's 
strategic forces modernisation programme. There were 56 missiles avail¬ 
able for conversion as space launch vehicles after the 52 silos were deac¬ 
tivated and destroyed. 


Titan II ICBM 

The Martin Company (now Martin 
Marietta) originally delivered 144 Ti¬ 
tan II missiles to the Air Force, com¬ 
prising 36 research and development 
versions (N series) and 108 opera¬ 
tional missiles (B series). Titan II was 
deployed in 54 silos at three locations 
in the United States: Davis-Monthan 
Air Force Base in Arizona, McConnell 
AFB in Kansas and Little Rock AFB in 
Arkansas. 

Titan il was declared operational 
after only 33 test flights, a number of 
which took place after the missiles was 
placed on alert. A total of 49 test and 
training launches were conducted at 
Vandenberg AFB from 1963-1976 to 
maintain the proficiency of the launch 
crews. Due to the use of storable self- 
igniting (hypergolic) propellants (a 
highly toxic blend of unsymmetrical 
dimethyl hydrazine and nitrogen tet- 
roxide) the 31.4 m Titans were capable 
of being launched with less than one 


By Joel W Powell 
and Lee Caldwell 


minute advance warning. The propel-, 
lants could be left aboard the rocket for 
long periods of time without deteriora¬ 
tion of the fuel tanks or propulsion 
system. 

Titan Storage and Refurbishment 

When the first Titan II missile com¬ 
plex (570-9) was deactivated at Davis- 
Monthan, the disarmed missile was 
taken by road to the Aerospace Main¬ 
tenance and Regeneration Center at 
Norton Air Force Base in San Ber¬ 
nardino, California. The authors re¬ 
cently visited the AMARC facility near 
Los Angeles and spoke with the main¬ 
tenance personnel about the preser¬ 
vation of these former weapons of war. 

Norton AFB, headquarters of the 
63rd Military Airlift Wing, has a long 


history of storing and maintaining re¬ 
tired ballistic missiles. Sixty-four Thor 
missiles, formerly deployed in Eng¬ 
land by the Royal Air Force, were 
consigned to Norton in 1963 after 
being refurbished for space applica¬ 
tions by Douglas Aircraft. Many of the 
ex-RAF Thors were utilised in early 
versions of NASA’s Delta launch ve¬ 
hicle, with most of the balance finding 
use in classified Department of De¬ 
fense programmes. Nine of these vin¬ 
tage boosters remain at AMARC 
awaiting their final disposition. Norton 
AFB is slated for closure by the De¬ 
fense Department in 1992 as an econ¬ 
omy measure. 

In April 1965 the first of about 130 
Atlas E and Atlas F ICBMs were 
brought to Norton for long-term stor¬ 
age after being replaced by the solid- 
fuelled Minuteman missile. In the 
twenty year space that these recondi¬ 
tioned vehicles were located at 
AMARC, 85 Atlas E/F rockets were 
launched from Vandenberg (where 
most of them were also refurbished) 
for a variety of orbital and suborbital 
missions. An additional 41 vehicles 
not required for operational pro¬ 
grammes were scrapped right on the 
base. In 1984-85 the final ten Atlas E/ 
F vehicles were transferred from Nor¬ 
ton to Vandenberg to make room for 
the newly arrived Titan Il's. The refur¬ 
bished Atlas boosters will continue in 
service through 1992. 

The Titan II vehicles are stored in 
Building 942, a former box factory 
housing 23 individual stages and 
Building 945, which holds 60 individual 
stages. The AMARC hangers on the 
western edge of the base are open to 
the outside environment and the mis¬ 
siles do not require air conditioning or 
other environmental controls. At the 
time of the authors’ visit there were 42 
Titan missiles on-site, with an addi¬ 
tional 12 vehicles (plus an extra sec¬ 
ond stage unit) undergoing refurbish¬ 
ment at the Martin Marietta factory in 
Denver, Colorado. 

Missile Maintenance Foreman 
Robert Bland and his staff administer 
the Titans on rotating 180 day sched¬ 
ules. At the end of each cycle the pro¬ 
pellant tanks are flushed to remove 
any residual propellant vapours. Wa¬ 
ter vapour levels are measured and air 
samples are analysed to verify that the 
tanks are free from contamination. 
Every five years the turbo-pumps of 
the rocket engines are also flushed 
and purged, prior to the departure of 
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Prior to returbishment at Denver the Titan propulsion systems are removed trom the vehicle and sent to the manutaciurer tor a complete overhaul. 

Joel Powell 


each airframe to Denver, the first and 
second stage engines were removed 
and sent to the manufacturer, Aerojet 
TechSystems in Sacremento, Califor¬ 
nia for a complete overhaul. 

Titan 23G Space Launch Vehicle 

Since Titan li entered service it has 
been Air Force policy that the individ¬ 
ual stages of each missile are inter¬ 
changeable and this practice contin¬ 
ues as the Titans are prepared for their 
new space roles. For example, the first 
stage of vehicle B-56 (which was also 
the first Titan to arrive at Norton) was 
paired with the second stage of missile 
B-98, and in March 1986 this combina¬ 
tion became the first Titan sent to 
Denver for space launch conversion. 
Shipped to Vandenberg AFB with 
missile B-106 as a backup, vehicle B- 
98/56 was successfully launched from 
the SLC-4W pad on September 5, 
1988. The redesignated Titan 23G 
Space Launch Vehicle (SLV) was the 
first Titan to fly at the West Coast Base 
since June 1976. 

The $638.7 million contract for con¬ 
version of 14 Titan II rockets was 
awarded to Martin Marietta in January 
1986 and runs through to September 
1995. Each 37.5m Titan 23G is ca¬ 
pable of lifting a 2,180 kg payload into 
a 185 km circular orbit. The forward 
section of stage two has been modified 
to attach a new payload adapter, and 
a spacious 3.05 m diameter payload 


fairing from Titan 34D replaces the re¬ 
entry vehicle. The guidance system 
has been replaced with the Delco 
system used on the new Titan IV 
booster and a range safety system has 
been installed to destroy the rocket in 
the event of an abort. 

Titan 23G Launches Scheduled 

Payloads have been scheduled for 
all the available Titan 23G launchers. 
Featured on the manifest are six clas¬ 
sified payloads belidved to be 
Whitecloud ocean surveillance satel¬ 
lites for the US Navy (including the first 
SLV launch in September 1988) and 
five polar orbiting weather satellites. 
A pair of Defense Meteorological Sat¬ 
ellite Program (DMSP) spacecraft 
have been scheduled for launch in late 
1989 or early 1990, and three ad¬ 
vanced NOAA weather satellites will 
be orbited by Titan 23G beginning in 
1993. 

When the high priority N-ROSS 
oceanographic research satellite of 
the US Navy rides a Titan 23G into orbit 
in 1991, an instrument designed and 
built for NASA by the Jet Propulsion 
Laboratory will be integrated with the 
Navy payload. The NASA Scatterome- 
ter (NSCAT) will measure ocean sur¬ 
face winds on a global basis, one of a 
series of powerful new sensors to be 
launched during the upcoming decade 
to monitor the Earth’s environment. 

The civilian Landsat 6 Earth re¬ 


sources satellite has also been mani¬ 
fested on a Titan 23G in 1991 after 
finally obtaining the necessary fund¬ 
ing from Congress. The second Titan 
23G vehicle is scheduled to place the 
NTS-3 Navigation Technology Satel¬ 
lite into orbit in the autumn in 1989 to 
test advanced hydrogen maser navi¬ 
gation equipment for the Department 
of Defense. 
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THE SUCCESS 


PHOBOS-2 RADIATION 


By Brian Harvey 


The level of radiation around Mars 
Is safe for cosmonauts. This Is the 
conclusion of the Irish radiation ex¬ 
periment, SLED, flown to Mars 
aboard the Soviet spacecraft Pho- 
bos-2 In 1988-9. It confirms the 
view, presented by Yuri Zaltzev In 
Spaceflight (November 1989, p374- 
9) that much useful Information was 
returned from Phobos-2 before It 
fell silent. Details of the SLED re¬ 
sults were given by Brendan Jordan 
of the Dublin Institute for Advanced 
Studies, (DIAS) at a meeting re¬ 
cently held In Dublin. 

The Irish experiment was called 
SLED (Solar Low Energy Detector). It 
was turned on shortly after Phobos-2 
departed Baikonur cosmodrome in 
July 1988. SLED had just concluded its 
work when the Phobos-2 spaceship 
failed in Mars orbit on March 27, 1989. 
So despite the premature end to the 
overall Phobos project, the SLED 
experiment was considered a suc¬ 
cess. 

Other results from SLED 

1. There is a low level of charged par¬ 
ticles in the vicinity of Mars. "There 
were very low counts throughout 
the period that Phobos-2 was orbit¬ 
ing the planet. Radiation levels 
were certainly not harmful to man. 

2. “It is too early to say if there are 
significant amounts of trapped 
charged particles around Mars. 
Some people have rushed out to 
say this, but we’re not certain. A lot 
more analysis of the data is 
needed”. 

3. The solar flare of October 1988 was 
a major event so far as the Phobos- 
2 mission was concerned. “There 
was a spectacular increase in 
counts during this time, and they 
reached all the way out to the space¬ 
craft,” said Brendan Jordan. 



h this artist's Impression, Phobos-2 hovers above the surface of the Martian moon. 


The origins of SLED 

The SLED experiment followed the 
success of EPONA, the DIAS particle 
detector carried aboard the European 
Giotto spacecraft which intercepted 
Halley’s Comet in 1986. The Dublin 
Institute for Advanced Studies was 
invited to design a similar particle 
detector for project Phobos. 

The physical size of the experiment 
was small. It was about the size of a 
tape recorder. There were two main 
elements: two detectors, and the elec¬ 
tronics necessary for recording data 
and transmitting them to the Phobos 
main computer. 


SLED, and EPONA before it, had a 
very simple purpose: to measure so¬ 
lar particles on a spacecraft as it sped 
away from Earth and at varying dis¬ 
tances from the Sun. Detectors would 
measure the frequency and strength 
of particles - and thus determine if they 
would be dangerous to humans voyag¬ 
ing far from Earth. 

“The project sounded simple 
enough", said Brendan Jordan, “but 
the problem was that old EPONA ex¬ 
periment was not compatible with the 
Phobos computer. So we had to rede¬ 


sign everything from the beginning. 
We were given only six months to 
produce the new electronics involved. 
And because that didn’t give us time to 
design a new system, we had to lift a 
trusted 1970s computer design. At 
least we knew it would work. People 
have the illusion that everything that 
flies in space is “the latest”. That’s not 
the easel” 

Too good a chance to miss 

The Dublin institute accepted the 
invitation from Intercosmos, in retro- 
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S OF PHOBOS-2 


RESULTS ANNOUNCED 



Peter Eickmeyer 


spect, the experiment used up a lot of 
staff time and was disruptive of the 
work of the Institute at such short no¬ 
tice - but the scientists felt that the 
opportunity of flying equipment to 
Mars was just too good to be missed. 

There was no charge as such to the 
Institute for flying the detector to Mars, 
but the commitment cost the Institute 
sums that went into six figures. “There 
were a lot of short-notice meetings, 
mainly in Budapest. And although we 
used very simple equipment, making 
it space-worthy cost a fortune. We 


were told that everything we produced 
had to be capable of withstanding tem¬ 
peratures of -40C to +150C, and had 
to be radiation-hardened". 

SLED 

SLED consisted of two Siemens- 
made tube-like detectors, the detec¬ 
tors were not pointed towards the Sun: 
they simply picked up particles as they 
arrived. When a particle reached 
Phobos-2, it passed though a surface 
barrier diode. The pulse was then 
amplified and channelled into dis¬ 


criminators to give six possible energy 
levels. There were six pulse counters, 
each counter opening every three 
milliseconds. SLED could pick up as 
many as a million counts a second. 

Phobos computer 

These counts were then dumped 
into the main Phobos computer every 
230 seconds. The main computer in¬ 
terrogated all on-board experiments 
in a set order. The computer could ask 
SLED to repeat its data, but could not 
otherwise interfere in the experiment. 
There was provision for the instru¬ 
ments to switch themselves off if they 
overheated. SLED also supplied the 
central computer with details of its 
temperature and power consumption. 
“If necessary and if something went 
wrong, ground control could override 
SLED’s embedded memory, but SLED 
operated perfectly throughout and we 
never had to test that facility" com¬ 
mented Brendan Jordan. 

SLED was readied in 1986-7 and 
then tested at ESTEC in the Nether¬ 
lands. It was vacuum-tested and put 
through two vibration machines. 

The loss of Phobos-1 

Whilst the SLED experiment on 
Phobos-2 was regarded as a success, 
the real problem was the loss of Pho¬ 
bos-1 on September 2, 1988, at a dis¬ 
tance of 17 million km out from Earth. 
“This meant we had nothing to com¬ 
pare Phobos-2 data with after that 
point”, noted Brendan Jordan. 

The scientist shed new light on the 
Phobos-1 disaster. "Originally, 
ground control in Vevpatoria in the 
Crimea was supposed to control the 
whole mission. But there was a politi¬ 
cal argument, and mission control was 
transferred to Moscow. But part of the 
deal was the Yevpatoria would check 
all commands going up to Phobos to 
check they were al right. The problem 
was that on September 2, Yevpato- 
ria’s checking equipment was out of 
order, and the invalid command was 
sent up - unchecked - switchim every¬ 
thing off’. 

It has been learned that since then, 
the director of Yevpatoria has been 
dismissed. It is felt that he was made a 
scapegoat for the mission failure and 
for the fact that designers did not build 
in a means whereby Phobos could 
check ah invalid command. 

More detailed analysis of the Pho¬ 
bos-2 data is to continue, the detailed 
outcomes will be presented in scien¬ 
tific journals over 1990-1 by the direc¬ 
tor of the SLED project and Tsi- 
olkovsky prize-winner, Dr Susan 
McKenna-Lalor. 
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SPACEPLANES 


If Darkness Falls: The Consequences 1 
United States No-Go on a Hypersonic Vt 

A Case For Hypersonics 



The United States Is currently engaged In a research programme to develop 
the technologies needed for a National Aerospace Plane (HASP), capable 
of single-stage-to-orblt space flight The programme, which would produce 
an X-30 experimental vehicle under the auspices 6f the Department of 
Defense (DOD) and the National Aeronautics and Space Administration 
(NASA), has been the target of much debate, with Intensity running high on 
both sides. There-Is strong enthusiasm for the concept of a hypersonic 
vehicle among those who see It as a technology driver for the coming 
decades and a means of reducing the cost of going Into space with the 
Shuttle or current expendable launch vehicles. Others, however, view the 
hypersonic programme as oversold and basically what the name suggests, 
“hype". 


The “hype” criticism is derived pri¬ 
marily because a hypersonic vehicle 
involves cutting-edge, exotic tech¬ 
nologies in the areas of propulsion, 
fuel, materials and thermal manage¬ 
ment, and computational fluid dynam¬ 
ics. When DOD tried to cancel its par¬ 
ticipation in the joint programme in 
April 1989, the official reasons given 
ranged from “NASP has no mission 
specified for it by the Air Force", 
“NASP is a high-risk programme 
whose applications are long-term” (an 
argument often used in an era of strin¬ 
gent budgets when projects are to be 
deferred), or that “the NASP pro¬ 
gramme is more commercially orien¬ 
tated and should be funded by NASA 
rather than DOD". Many believe the 
real reason for DOD hesitation was the 
almost missionary zeal for the pro¬ 
gramme by the Defense Advanced 
Research Projects Agency (DARPA). 
This caused some feeling that the 
programme had been oversold. A 
boomerang effect resulted and the 
programme was moved from DARPA 
to the USAF several years earlier than 


By Joan Johnson-Freese 

Director, Center for Space Policy & Law, 
University of central Florida 

and 

Roger Handberg 

Professor, Political Science Department, 
University of Central Florida 

originally projected to ensure its de¬ 
velopment in a more orderly (i.e. bu¬ 
reaucratically-controlled) manner. 

The exotic technologies which chal¬ 
lenge NASP technically and politi¬ 
cally, and the auxiliary benefits, also 
provide the strongest impetus for pro¬ 
gramme advocates. The technologies 
to be developed for the X-30 would not 
simply add to the overall defense tech¬ 
nology base. They would maintain US 
leadership in technologies critical to 
the aerospace industry, produce im¬ 
portant benefits to a wide spectrum of 
high-tech industries and provide revo¬ 
lutionary methods of transportation - 
civilian, military and space-orien¬ 
tated. Possessors of these technolo¬ 


gies, it is argued, will lead the way into 
the next century: those who do not will 
be left behind. NASP programme 
manager Robert Barthelemy has been 
quoted as saying the NASP pro¬ 
gramme “will move the entire nation, 
the entire world, into the hypersonic 
age ... The population of space be¬ 
comes a real possibility with some¬ 
thing like this”. 

It cost approximately $3000 per 
pound in 1988 to put a payload into low- 
Earth orbit (LEO). That cost makes 
going into space to do anything which 
could otherwise be done on the ground 
almost prohibitive. Until a cost of about 
$300 per pound to LEO can be reached 
(which is the cost-per-pound figure 
often cited for NASP, though some 
proponents put it lower and critics 
higher), space will remain an exotic 
workplace economically out-of-reach 
for most purposes. 

Furthermore, the Shuttle is viewed 
as a technology with limited flexibility 
and excessive down-time between 
missions. Consequently, reliance on 
the Shuttle for use with the Freedom 
Space Station will not produce maxi¬ 
mum efficiency in the delivery of per¬ 
sonnel and material. The Shuttle sys¬ 
tem will be strained almost beyond its 
capacity in supporting the Space Sta¬ 
tion, never mind other missions. Thus, 
the hypersonic option appears over¬ 
whelming to many space planners and 
failure to develop the vehicle appears 
almost inconceivable. Failure in a 
technical sense remains possible but 
a far greater likelihood is failure of 
political will, resulting in a policy deci- 
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scientific community go almost with¬ 
out saying, a fact that confuses politi¬ 
cians who rely on the scientific com¬ 
munity for advice. Also, debates on 
such issues as the SST, the ABM, 
cyclamates etc has led to complaints 
from some scientists that their data 
has been used either for a “whitewash 
job” on publically unpopular issues or 
unpalatable undertakings, and that 
the Government sometimes deliber¬ 
ately creates the illusion that policy is 
being made as a result of direct advice 
from technical experts, when this may 
not be the case. A babble of voices 
often leads to a middle road being 
chosen because no other consensus 
position is possible. 

Public opinion also has a role in 
these deliberations but is filtered 
through the perceptions and values of 
the legislators who actually decide the 
issues. Voters rarely vote directly for 
Congress persons on the basis of their 
views concerning various aspects of 
space policy. For example, the Florida 
constituency that includes the Ken¬ 
nedy Space Center may assume that 
their representative will support space 
activities but it is more likely to be 
politics as usual. 

In the case of NASP, until recently, 
public opinion weighed heavily on the 
side of opponents because the pro¬ 
gramme was totally black. Security 
had been such that even people inter¬ 
ested in the programme had little infor¬ 
mation, let alone the public who relied 
on the media to tell them what they 
should be interested in and concerned 
about. It thus became an obvious tar¬ 
get for politicians who wanted to cre¬ 
ate a good impression by cutting a big- 
cost item from the budget. Even now, 
information on the NASP programme 
is limited and available to only rela¬ 
tively few. 

Part of the “information” problem 
stems from the fact that the vehicle 
was described as the Orient Express 
by President Reagan in his 1986 State 
of the Union Address. The term has 
been used by the opposition to paint it 
as a rich man’s toy which, in turn, 
confuses the public, who are thereby 
led to believe that it is just a faster 
airplane. In reality, spaceplane proj¬ 
ects have little to do with passengers 
and opponents deliberately try to 
down-play and/or avoid altogether the 
fact of the X-30’s space capabilities, 
which are the greater driver for the 
programme. 

Challenger Disaster Scenario - The 
final scenario assumes that public 
reactions and opinions have a pro¬ 
found effect on policy makers. As the 
hypersonic achieves flight status, the 
probability of accidents rises higher. 
The technology is clearly at the outer 
edge of safety, given the speeds and 
the other uncertainties involved with 
such flights. When a flight system fails 


at over Mach 6, the likelihood of fatal 
accidents is real. Professionals in¬ 
volved in the flights will be equipped, 
emotionally and organisationally, to 
handle both the uncertainty and the 
reality of accidents. Politicians and the 
public are not likely to be similarly 
equipped. 

Advances in aerospace technology 
normally involve substantial risks for 
those who go first. With the hyper¬ 
sonic, trial and error can be reduced 
through computer simulations, but at 
some point, the craft must fly. If acci¬ 
dents occur, the pressure to suspend 
flights to engineer all risks out of the 
system is a good possibility. The re¬ 
sulting delays could be sufficient, ef¬ 
fectively, to scuttle United States par¬ 
ticipation in development of hyper¬ 
sonic technologies. 

A likely variation on this problem is 
to consider what would happen if an¬ 
other Shuttle accident occured. An 
August 1989 OTA study says of the 
Shuttle, considered an operational 
vehicle, “The 29 Shuttle launches to 
date provide only 50% statistical con¬ 
fidence that Shuttle reliability has 
been at least 94.3%. If the reliability is 
now actually 94.3%, there would be a 
better than even chance of losing at 
least one orbiter on the next 12 flights". 
Although the Shuttle is safer than it 
was, or at least more people have to 
say it’s safe before the flight is ok’d for 
launch, flight risks have not been elimi¬ 
nated, just r educed. Engineering de¬ 
cisions made by an earlier generation 
limit the options of subsequent rede¬ 
signs of the Shuttle to improve flight 
safety without enormous costs, when 
possible at all. It is unclear whether the 
public really understands that point. 
Given the shallowness of public atti¬ 
tudes concerning space policy gener¬ 
ally and space flight in particular, 
accidents may have a disproportion- 
ally negative effect. Shuttle flights are 
not highly visible events to the public 
between missions. That visibility de¬ 
clines even further during military 
missions when secrecy is the norm. 
Shuttle flights are fine until something 
happens. 

Ironically, military involvement with 
the development of the hypersonic in 
the early stages may be useful since 
crashes of experimental military air¬ 
craft are expected, or not unexpected. 

The Consequences of a 
No-Go Decision 

Within a generation, the United 
States has undergone a dramatic 
change in its psychological and physi¬ 
cal fortunes. US relative status in the 
world declined for reasons inherent in 
the economic and technological de¬ 
velopment of the rest of the world, 
especially Europe and Japan. 

To many Americans, dropping the 
NASP-programme would mean accep¬ 


tance of secondary status in a techno¬ 
logical arena where the US has previ¬ 
ously dominated. It would not only 
wound the national self-image but the 
psychological loss of momentum 
could be devastating and the rever¬ 
berations resound through areas of 
national effort not directly linked to 
hypersonic research. National self- 
identities are not unimportant artifacts 
in achieving national policy goals. 

The US self-image as a pioneer and 
risk-taker is an important adjunct of 
American self-confidence and world 
image. Others may not share our per¬ 
ception but the point is that of Ameri¬ 
can self-perception impact behaviour. 
This image is over-exaggerated at 
times, but the message is clear. 

That the US has lost much of its 
former self-confidence can be seen in 
cries for protection against foreign 
competition. Tariffs against foreign 
goods and other countries’ economic 
policies have a long history in the US 
but now restrictions are increasingly 
being sought against the loss of Ideas 
rather than viewing such intellectual 
cross-fertilization as essential in 
maximising economic and technologi¬ 
cal productivity. The hypersonic’s 
demise, if it occurs, could be read as 
symbolic of this loss of self confi¬ 
dence. 

Lack of vision pervades much of the 
policy discussion in the US. The em¬ 
phasis upon short-term goals to the 
exclusion of long-term national bene¬ 
fits is a shortened perspective which 
can be seen repeatedly in funding 
decisions and non-decisions in Con¬ 
gress, the Federal bureaucracy and 
private industry. Cancellation of 
NASP would reinforce alt these ten¬ 
dencies to the detriment of the US 
long-term interests. 

A related though separate issue 
would be the loss of US prestige and 
leadership. Too often the US has used 
“leadership” as a motivation or reason 
for pursuing a policy or programme, 
rather than recognising it as an effect 
of previous successes. People or 
countries “follow” or look to another 
person or country for leadership be¬ 
cause that “leader” has proved itself 
capable. In the area of high technol¬ 
ogy, a leader cannot rest on past lau¬ 
rels. 

Whatever country “leads", others in 
a particular high tech field have, tradi¬ 
tionally, also been able to shape the 
direction of other programmes. It is 
clear that other countries are going to 
proceed with hypersonic research, 
with or without the United States in¬ 
volvement. 

Other major hypersonic pro¬ 
grammes world-wide are linked not in 
their design concepts but in their de¬ 
sire for international cooperation. The 
Germans are moving ahead with their 
two-stage Saenger design, funded 
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with a $230 million commitment over 
the next five years. At that time, the 
Germans hope the European Space 
Agency will take it over as a European 
project. A tripartite rationale is given 
for Saenger: economics (by bringing 
down launch costs); European auton¬ 
omy (the capability of launching from 
different European airports guaran¬ 
tees long-term autonomy); and ex¬ 
pansion of space activities, primarily 
in the commercial sector (reduced 
launch cost). 

Lack of funds and Government 
support have hindered the British 
HOTOL programme, although British 
Aerospace continues to pursue coop¬ 
erative arrangements which will en¬ 
able the programme to move past the 
proof-of-concept phase. The Japa¬ 
nese and Soviets, recently joined by 
the French, are also forging ahead. A 
Soviet official has been quoted as 
saying, “If they (Western countries) 
have the courage, we should build one 
vehicle together". 

But a 1988 study concluded that the 
US “has no plans for foreign participa¬ 
tion in developing the X-30” as “politi¬ 
cal, economic, financial, technologi¬ 
cal and legal reasons make interna¬ 
tional cooperation in developing the X- 
30 undesirable". Clearly, projects 
where technology can be “compart¬ 
mentalised” are those best suited for 
international cooperation, and the 
highly integrated NASP design cer¬ 
tainly does not fit that description. For 
many countries though, the high cost 
of developing hypersonic technology 
makes it feasible only as a collabora¬ 
tive venture. 

Ironically, the desire in the US to go 
it alone in order to be the technologi¬ 
cal leader may make development of 
hypersonic technology economically 
prohibitive in the US also. If the Gov¬ 
ernment wishes to go it alone but is 
unwilling to up the stakes, then the US 
could be by-passed altogether. 

Major policy changes are often 
made by the US regardless of their 
effects upon relationships with other 
countries. Decisions on space-re¬ 
lated issues suffer from a “halo” effect. 
Unilateral decisions on individual proj¬ 
ects or in other policy areas often make 
foreign countries wary of becoming 
too committed to additional projects 
with the US. Regarding the Freedom 
Space Station, for example, the head 
of the Washington Office of the Euro¬ 
pean Space Agency (ESA) said about 
the latest design review at Langley 
research Center: ‘They (NASA) didn’t 
bring us in from the start. They essen¬ 
tially carried out the Langley process 
and then presented us a list of op¬ 
tions”. US Representative Robert 
Roe, recognising the diplomatic and 
political problems of this approach 
stated “The future of the space station 
isn’t the only matter in question. This 


nation’s credibility is on the line”. 

A unilateral decision-making ap¬ 
proach is typical of a traditionally 
dominant power but not sustainable. 
The US no longer dominates, as it once 
did, but is reluctant to acknowledge 
that reality. In fact, in many technologi¬ 
cal areas the US is now an equal, not a 
superior. Cancellation of the hyper¬ 
sonic programme could reduce that 
status still further, at least in the sci¬ 
entific and space arenas. Others need 
no longer listen to inarticulately ex¬ 
pressed wishes on space policy. The 
marginality of space policy can be 
seen in the lengthy process through 
which policy objective? are defined. 
Presidents want prestige on the 
cheap. As a result, Presidential atten¬ 
tion is sporadic and results in a slow, 
or even stalemated, policy process. 

An immediately-measurable loss 
will be the technological edge a hyper¬ 
sonic requires in various technical 
fields to fly successfully. The US has 
already lost its initial lead in high tech 
areas such as computer chips while 
others, including rocket launch ve¬ 
hicles, are in jeopardy. Critical tech¬ 
nologies needed for NASP will be sig¬ 
nificantly slowed in their development 
if momentum is lost. This loss must be 
weighed against the “risk” factor. 
Obvious areas of concern would in¬ 
clude super-computers (both hard¬ 
ware and software), materials science 
and man-machine interface. Each of 
these has a direct link to hypersonic 
development. 

By its development, the NASP pro¬ 
gramme would drive the affected tech¬ 
nologies to new heights. The ripple ef¬ 
fects of those development efforts will 
impact on other areas of science and 
technology. Short term applications 
for a hypersonic vehicle have long 
term consequences as researchers 
build upon the insights found in those 


other areas. 

Loss of the NASP programme will 
have one effect so obvious that it al¬ 
most misses being stated: the loss of 
easy and affordable access to space 
for the US. The “easy" part is important 
for the national security implications it 
carries with it, whereas “affordable” is 
the only thing that can make the com¬ 
mercialisation of space a reality. With 
the ageing of the Shuttle fleet, the US 
could actually become dependent on 
the goodwill of others in providing easy 
access in exploiting the Space Sta¬ 
tion. The United States may accept a 
large financial burden in building the 
space station for a significantly less 
payoff than expected. 

The most immediate detrimental ef¬ 
fect of cancellation of the hypersonic 
programme will be a loss of faith by the 
US industries which, over the first 
three years of the project, have com¬ 
mitted extensive funds of their own, 
based on a seemingly strong Govern¬ 
ment commitment. American compa¬ 
nies have put together teams of their 
best people, worked across company 
lines to share programmatic data and 
gone out on a limb to their sharehold¬ 
ers. The three-year stretchout re¬ 
cently thrust on the programme is al¬ 
ready causing industry to reevaluate 
further commitment. 

Yet if the US does go ahead with 
NASP and industry is not up-to-speed, 
the result will be further delays and 
subsequent costs. 

Conclusion 

Failure to complete the NASP pro¬ 
gramme will not end the US involve¬ 
ment in the exploration of space but 
will signal a reduction in the intensity 
and scope of that involvement. 

Once out of the race, it will be diffi¬ 
cult to re-enter in any significant de¬ 
gree. 
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CHINA IN SPACE 



America Takes A Long March Into Space 

Can US Firms Compete For Launch Business? 


By Lawrence H. Stem 

and 

Jack High 

After heated discussions In corpo¬ 
rate board rooms and the halls of 
Washington former President Re¬ 
agan approved export licenses that 
permit the launch of three American 
satellites on the Chinese Long 
March rocket. Following the Tlan- 
amen Square massacre the export 
of the satellites was blocked. How¬ 
ever, early this year President Bush 
agreed to let the launches to go 
ahead. The first satellite Is now 
scheduled for launch on April 20. 
Lawrence H. Stern and Jack High take 
a look at the arguements behind the 
decision to allow the launch of the 
satellites on Chinese launchers. 

When the space race began follow¬ 
ing the launch of Sputnik, it was to 
compete with the ‘Communist Threat’. 
All over America there was a cry to put 
the best brains to work and to harness 
the Yankee ingenuity, so that the US 
might catch the Soviets in space. Now, 
30 years later, a President known for 
his free market rhetoric agreed to let 
the results of that ingenuity be 
launched into space by a communist 
government. 

From the time the US entered 
space, Americans had a virtual mo¬ 
nopoly, dominating the Western 
World’s supply of launch vehicles, 
satellites and ground stations. The 
Soviets had a space programme 
comparable to the American’s but 
national security prevented them from 
competing outside of the communist 
market. 

The US monopoly lasted until the 
early 1980s. By then America had put 
a man on the Moon and had developed 
the Space Shuttle. The Shuttle was 
designed to assemble a space station 
and to carry men and cargo back and 
forth from orbit. It was supposed to be 
reliable and economical, a high-tech 
18 wheeler that would help America 
continue dominance of the space in¬ 
dustry. 

About the Authors ————— 

Jack High is an associate professor of 
economics, and director of the Center for 
the Study of Market Processes, George 
Mason University. 

Lawrence H. Stem is a senior research 
associate, Center for the Study of Market 
Processes, Department of Market Proc¬ 
esses, Department of Economics and for¬ 
mer director of strategic planning, Office of 
Space Flight, NASA. 


132 


SPACEFLIGHT, Vol. 32, April 1990 














CHINA IN SPACE 


As often happens with monopolies, 
the opportunities to compete grew 
more attractive as know-how and 
technology spread. The decision to 
put all payloads on the Shuttle and to 
phase out expendable rockets helped 
make the US programme vulnerable to 
entry by other firms and governments. 
In 1979 the European Space Agency 
and Arianespace set out to capture 
some of the commercial space busi¬ 
ness. Europe offered not only 
launches, but also satellites and 
ground stations. What followed was 
increasingly intense competition be¬ 
tween the Shuttle and Ariane for com¬ 
mercial customers. At the time of the 
Challenger accident in early 1986, 
NASA had contracts to launch 44 
commercial payloads, 37 of which 
were communications satellites. Ari¬ 
anespace had contracts to launch 15 
payloads [1], 

Other countries joined in the compe¬ 
tition, although not as formidably as 
Arianespace. Although, Japan, India 
and China developed their own launch 
vehicles and satellites, their efforts 
were generally limited to domestic 
requirements. 

Development of the Shuttle and 
competition from Arianespace 
changed American policy. In 1983, the 
government proposed privatising 
unmanned rockets used by the NASA. 
Two of these expendable launch ve¬ 
hicles, the Delta (built by McDonnell 
Douglas) and the Atlas-Centaur (built 
by General Dynamics), together had 
launched almost 250 satellites since 
the early 1960s [2]. Several entrepre¬ 
neurial firms also attempted to enter 
the market with new commercial 
launch vehicles. These included 
Space Services, Orbital Sciences 
Corporation, Conatec, and, some¬ 
what later, American Rocket. 

The Challenger accident naturally 
put the US at a serious competitive 
disadvantage, and the Shuttle was 
prohibited from competing for com¬ 
mercial business. The US government 
also agreed to increase the purchase 
of Titan rockets, built by Martin Mari¬ 
etta for launching military payloads. 
All US launch companies were encour¬ 
aged to compete aggressively for 
commercial launch services. 

The incentive for US companies to 
step up their launch capabilities was 
there in any case. After the Shuttle 
accident, there were few launches in 
the West: Ariane, Delta and Atlas were 
grounded following failures. Launch 
prices escalated. Lured by the de¬ 
mand left by the Shuttle accident, 
American companies took the risk of 
additional investment, stepped up 
production, and went after the busi¬ 
ness. The investments were substan¬ 
tial. General Dynamics alone put over 
$300 million into making its rockets 
and launch services competitive [3]. 


For all their efforts, US launch com¬ 
panies have had difficulty competing 
with Arianespace for commercial cus¬ 
tomers. Arianespace has the advan¬ 
tage of support from the European 
Space Agency, [4] more flexibility in 
contract terms, and an equatorial 
launch site. Still, US companies be¬ 
lieve that there are a sufficient number 
of payloads to support two or three 
additional suppliers. Through 1994, 
44 commercial payloads are sched¬ 
uled to fly on Ariane and eleven are 
committed to US launches [5]. 

Although the launch vehicle indus¬ 
try is competitive, it is not an open 
market by any stretch of the imagina¬ 
tion. Governments are heavily in¬ 
volved, not only in providing a demand 
for rocket production, but also in de¬ 
ciding who will provide the launch 
services. Ariane naturally gets the 
orders to launch most European gov¬ 
ernment satellites, while the US sup¬ 
pliers receive the contracts to send up 
American military payloads [7]. These 
contracts provide a production base 
for launch vehicles. 

Presently, US companies have pro¬ 
jected orders for 57 launch vehicles at 
an estimated cost of over $11 billion. 
This is no pittance, even for firms 
accustomed to dealing in big dollar 
figures. 

In addition to the government de¬ 
mand for launch services, there is 
commercial demand. International 
organisations such as INTELSAT and 
the INMARSAT [8] and foreign domes¬ 
tic organisations like AUSSAT in Aus¬ 
tralia have been important to the 
launch industry. Governments and 
commercial organisations also buy 
satellites. Although European firms 
have the expertise to design and build 
some satellites, Hughes Aircraft, Ford 
Aerospace, General Electric, and 
TRW dominate the international mar¬ 
ket. These four American companies 
have manufactured about 75 per cent 
of the world’s commercial communi¬ 
cations satellites. 

US firms are projected to build over 
60 percent of the Western world’s 
communication satellites over the 
next five years, providing some $2.5 
billion in export revenues [9]. 

The Chinese Space Programme 

Rockets are anything but new to the 
Chinese. Tang Fuxian invented them 
in 1000 AD, and the infamous Kublai 
Khan fired rockets against the Japa¬ 
nese in 1275. China even developed a 
primitive two stage missile in the 15th 
century [10]. 

The modern Chinese rocket pro¬ 
gramme began during the late 1950s 
with the development of ballistic mis¬ 
siles. In 1964 China made its debut into 
the space club with its first launch 
vehicle. The Chinese began their sat¬ 
ellite programme in 1970 with the 


successful launch of Tungfanghung 
(China I). Since that time, they have 
successfully placed 23 satellites in 
orbit with a success rate of about 85 
percent. This is comparable to the 
early experience of the French and 
Americans, but less than the current 
US reliability rate of 94 percent. Since 
1984 the Chinese have successfully 
launched ten consecutive rockets. 

The Chinese entered the commer¬ 
cial space industry in 1987. Using their 
Long March rocket, they launched a 
microgravity payload into low Earth 
orbit for the French company Matra 
[11], They also have an agreement 
with Sweden to launch a scientific 
satellite, Freja, which will be used for 
high resolution measurements in the 
upper ionosphere [12]. The Chinese 
have signed technical agreements 
with France, Germany, and the United 
Kingdom. 

The Long March is a serious con¬ 
tender in international markets. Re¬ 
portedly, the Beijing Wan Yuan Indus¬ 
try Corporation, part of the People’s 
Republic of China Ministry of Aero¬ 
space, can build and launch five Long 
Marches per year [13]. The China 
Great Wall industry Corporation, also 
part of the Ministry of Aerospace, 
which markets launch services has 
identified more than 50 potential 
commercial payloads for the Long 
March and predicts that eight of these 
are candidates for launch in the next 
five years [14]. The Chinese regard 
the launching of US built satellites as 
a first step of their movement out into 
the world [15]. They believe that the 
Third World will eventually become the 
most important customers for Chi¬ 
nese launch services. 

China is obviously a competitive 
force in space launches; American 
companies and officials cannot simply 
play the ostrich and hope the Chinese 
will go away. In addition to the three 
satellites considered by President 
Reagan, Intelsat has asked the State 
Department for an advisory opinion on 
the use of the Long March for one of its 
satellites. 

Export License Requests 

A storm of controversy over compe¬ 
tition from the Chinese was stirred up 
by the requests for export licenses to 
permit the launch of US built satellites 
on the Long March. AsiaSat, a British- 
Chinese consortium, wants to launch 
a refurbished Westar satellite in 1989 
or 1990. AUSSAT, the Australian 
domestic satellite system wants to 
launch two satellites being built by 
Hughes Aircraft Company, one in 
1991 and one in 1992. 

AsiaSat (whose members include 
Britain’s Cable and Wireless, Hong 
Kong’s Hutchison Telecommunica¬ 
tions, and the People’s Republic of 
China’s Citlc Technology Corpora- 
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Shanghai Bureau of Astronautics. 


Long March boosters under corstructkm at the 

tion) was organised in early 1988 to 
take over Pan Am Pacific Satellite’s 
holding [16], AsiaSat plans to use the 
Westar-6 satellite, which was recov¬ 
ered by the Space Shuttle in 1984, to 
expand Pacific region satellite com¬ 
munications [17]. 

In testimony before Congress, Asi¬ 
aSat stressed the need for an early 
launch and the importance of China to 
the success of their project. China 
would be both an investor in and user 
of the AsiaSat system. The desire to 
obtain foreign currency, which use of 
the Long March would provide, justi¬ 
fied the Chinese investment in AsiaSat 
[18]. 

The current Australian satellite, 
called AUSSAT A, was designed and 
built by the Hughes Aircraft Company. 
The first two were launched on the 
Space Shuttle in 1985. The third was 
launched by Ariane in 1987. The 
AUSSAT system provides high quality 
television and radio broadcasting 
services to remote areas of Australia, 
nationwide service for air traffic con¬ 
trol, improved television distribution 
services, and telephone communica¬ 
tions to small communities, including 
mining exploration teams. AUSSAT 
also provides the outback with educa¬ 
tional and medical services that were 


previously unavailable [19]. 

In 1987, AUSSAT Pty. Ltd. (which 
owns and operates the Australian 
domestic satellite system, including 
the satellites, control stations in Syd¬ 
ney and Perth and the network of 
ground communications stations 
throughout Australia) requested ten¬ 
ders for satellites to replace the first 
two AUSSAT A satellites and required 
the satellite manufacturer to assume 
responsibility for the launch and for 
launch insurance. AUSSAT also re¬ 
quired “offsets” for Australian firms 
[ 20 ], 

Following proposals submitted by 
Hughes, General Electric, Ford Aero¬ 
space, British Aerospace, and the 
French Company MATRA, AUSSAT 
selected Hughes for negotiations and 
directed Hughes to “enter into a 
Launch Services Agreement for provi¬ 
sion of a Long March launch" [21]. 
This, too, led to a request for approval 
by the US government. Obviously, 
AsiaSat, AUSSAT, and Hughes had 
indications that US~China relations 
were such that approval was likely. 

Changes In China 

Since the death of Mao Zedong in 
September 1976 and the subsequent 
repudiation of the Gang of Four, 


China’s economy has undergone sub¬ 
stantial revision. During the 50s and 
60s, the Chinese experimented with 
the principles of Marx, Lenin and Mao. 
The result was backwardness, pov¬ 
erty, and some incredible brutality. 
The massacre in Tianamen Square is 
simply another terrible example [22]. 
In the 1980s they have been flirting 
with that erstwhile heresy-voluntary 
exchange. About 80 percent of 
China’s retail stores, restaurants, and 
service shops are now privately 
owned. 

Before Tianamen Square China was 
considered by many as a friend of the 
United States. Under Deng Xiaoping, 
the Chinese concentrated on four 
modernisations: agriculture, indus¬ 
try, technology, and defence. The aim 
was to transform China into a socially 
and economically advanced country 
within the next 30 to 50 years [23]. In 
order to do this they have liberalised 
their economy. They permit market 
transactions once state quotas are 
met, encourage foreign investment, 
have created free enterprise zones, 
and are importing American and 
European technology. This is 
not to imply that China is any¬ 
thing like a market economy, but 
even a little laissez-faire can go 
a long way. Over the past five 
years, industry has averaged a 
spectacular 12 percent growth [24]. 
Although such projections are rarely 
accurate, The Economist has calcu¬ 
lated that if China maintained an aver¬ 
age 8 percent annual growth, it would 
exceed the British Gross National Pro¬ 
duce (GNP) in less than 10 years and 
surpass any European economy in 25 
years. 

Not only had China adopted eco¬ 
nomic practices that are more in line 
with American ideology, the Chinese 
also developed political and economic 
ties to the United States. One of the US 
launch firms, McDonnell Douglas, has 
a $1 billion agreement with China for 
the production of their MD-82 com¬ 
mercial aircraft. The company also 
hopes to sell the Chinese their upper 
stage for use on the Long March 
rocket. McDonnell Douglas supports 
the export licensing agreement. Not 
so, however, with the other US launch 
firms. 

The Policy Debate 

Requests for licenses to export 
sensitive technologies normally go to 
the State Department’s Office of 
Munitions Control in accordance with 
the policy guidance contained in the 
International Traffic in Arms Regula¬ 
tions. The State Department decides 
whether or not to grant licenses after 
consulting with other appropriate 
agencies, such as the Department of 
Defense and NASA. But the AUSSAT 
and AsiaSat requests were not de- 
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cided by the State Department alone. 
Because of the policy issues involved, 
they were referred to the National 
Security Council and the Economic 
Policy Council [26], 

Two groups at the National Security 
Council were involved: The Senior 
Interagency Group for Space and the 
Senior Interagency Group for Strate¬ 
gic Technology Transfer. The primary 
Economic Policy Council group was 
the Commercial Space Working 
Group. 

Discussions between these groups 
culminated in a September 7, 1988 
meeting of the Economic Policy Coun¬ 
cil, chaired by Acting Treasury Secre¬ 
tary Peter McPherson. However, the 
Council could not arrive at a consen¬ 
sus, and the decision was sent on to 
President Reagan. The arguments 
revolved around three issues: 


The Chinese Long March Family 


□ To what extent would the licenses 
transfer US technology to China? 

□ Could the launch industry, which 
the government had so recently en¬ 
couraged, be protected without 
hurting the satellite industry? 

□ How would the decision affect US 
relations with China [27]? 

The Department of Defense appar¬ 
ently did not believe the transfer of 
technology was serious. After visiting 
Xichang, the Chinese launch centre, 
then Secretary of Defense Casper 
Weinberger said, “The launch capa¬ 
bilities here are completely accept¬ 
able” [28]. His successor, Frank 
Carlucci, has also been quoted as 
saying, 'This is not primarily a technol¬ 
ogy transfer issue. It’s an economic- 
commercial issue [29]. 

Liberal Democrat Patricia Schroe- 
der of Colorado and conservative 
Republican Gerald Solomon of New 
York lined up on the other side. 
Schroeder, who has never been a 
strong advocate of the defence indus¬ 
try, wrote to Secretary of State George 
Schulz that ‘The Chinese government 
can in no way insure the safety and 
integrity of US space technology. With 
the recent wave of incidents where 
sensitive American technology has 
been compromised, it seems prudent 
to be extremely cautious in transfer¬ 
ring technology. I am concerned that 
we are not being cautious enough” 
[30]. In an effort to overturn Reagan’s 
decision, Solomon expressed a simi¬ 
lar sentiment to the House of Repre¬ 
sentatives. 

The Department of Transportation, 
who has the responsibility for foster¬ 
ing a commercial launch industry, 
strongly opposed export licensing of 
the AUSSAT and AsiaSat satellites for 
launch on the long March. Such a li¬ 
cense, opponents argued, would ob¬ 
viously harm the US companies build¬ 
ing launch vehicles; these were the 
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very companies that had been encour¬ 
aged to increase theit production fa¬ 
cilities following the Shuttle accident 
and the increased competition from 
Arianespace [31]. 

The argument to protect US firms 
from state-subsidised foreign compe¬ 
tition got little support from a quarter 
where US firms might have expected 
it - conservative economists. Edward 
Hudgins, a policy analyst with the 
Heritage Foundation, scorned the 
idea that the US government ought to 
protect its fledgling launch industry. 
Calling it “...the well-worn ‘infant-in¬ 
dustry’ argument advanced by Third 
World countries to justify closing their 
markets to US goods and services,” 
Hudgins said, “The US correctly op¬ 
poses such policies in other countries, 
declaring them counterproductive” 
[32], 

Supporters of the licensing agree¬ 
ment argued that the US launch indus¬ 
try would not be seriously hurt be the 
licensing agreement. Karl Jackson of 
the Defense Department testified, 
“We do not agree that China’s limited 
entry into this market place will cause 
severe or permanent damage to that 
developing US industry. We would 
hope that fair competition by China 
would benefit all” [32]. 

The very word “fair” must have 
rankled the sensibilities of US launch 


firms. After the Shuttle accident, they 
had been encouraged by the govern¬ 
ment to step up rocket production. Pat 
Schroeder pointed out that American 
firms, including “Martin Marietta in my 
district ...invested millions of dollars 
and hired thousands of people” in 
response to government encourage¬ 
ment. But then, she continued, the 
Administration “decides they are 
going to let China, which has state- 
owned satellites and launchers... 
compete against" US firms [34]. 

The collectivised character of the 
Chinese economy also led opponents 
of the agreement to criticise the price 
of Long March services. Because they 
are a state-owned enterprise in a 
planned economy, Beijing Wan Yuan 
does not have to compete for labour 
and materials in an open market. The 
Chinese offered prices 65 per cent 
lower than the prices charged for At¬ 
las, Titan, or Ariane [35]. This is a 
massive discount and gives credence 
to the charge that the centralised 
state-run production of the Long 
March shields it from the pricing pres¬ 
sures faced by American firms. 

Supporters of the export licenses 
contend that low, introductory prices 
are not at all unusual. Thomas Moore, 
a member of the Council of Economic 
Advisors, emphasized that Proctor 
and Gamble does the same thing when 
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entering a new market and that the 
Shuttle and Ariane used introductory 
prices to win customers. The first flight 
of the new Ariane 4 carried the Pan- 
amsat to orbit for $8.5 million com¬ 
pared to a standard price for such a 
launch of more than $40 million. Simi¬ 
larly, NASA maintained an introduc¬ 
tory rate for commercial satellites 
launched by the Shuttle from 1982 to 
1985. 

The Chinese are apparently follow¬ 
ing the same policy. Three days after 
President Reagan’s decision, Sun 
Jiadong, aerospace ministry vice- 
minister announced that China would 
raise its prices on future launches, but 
that its price wpuld still be less than 
prices offered by the United States 
and Europe. 

Presidential Decision 
and Its Effects 

President Reagan’s decision to 
permit the launch of US made satel¬ 
lites on the Long March seems to have 
been a cautious choice based on eco¬ 
nomic considerations. Had he not 
okayed the launch, the long term 


damage to the satellite industry could 
have been substantial. Companies 
like AsiaSat and AUSSAT would have 
looked to Japan and Europe rather 
than to the United States for their sat¬ 
ellites because of the cost advantages 
of launching on the Long March. In 
fact, Richard Johnson, AUSSAT Gen¬ 
eral Manager, said they would con¬ 
sider putting the Hughes contract up 
for rebid if use of the Long March were 
not approved [36]. 

It seems to be a hard economic 
reality that the United States cannot 
prevent the successful entry of China 
into the launch business even by de¬ 
nying China permission to launch US 
satellites. As Eugene McCallister of 
the State Department testified in 
Congressional hearings, “The Chi¬ 
nese will enter the international mar¬ 
ket for launch services with or without 
US approval, since we do not have a 
monopoly on satellite production” 
[371. 

Rather than give blanket approval, 
the administration decided to approve 
launches on a case-by-case basis and 
to put pressure on the Chinese to pri¬ 


vatize their launch industry and 
charge fair prices. 

Since fair prices cannot be deter¬ 
mined in the absence of markets, there 
is not much meaning to the administra¬ 
tion’s pressures in the short-run. Nei¬ 
ther the administration nor anyone 
else can effectively respond to the 
charge that the Chinese are pricing 
unfairly and putting US launch firms at 
a competitive disadvantage. If there is 
one lesson that economists learned 
from the protracted “socialist calcula¬ 
tion” debate, it is that prices are impos¬ 
sible to determine in the absence of 
markets [38]. 

What is likely to happen is that the 
Chinese will be prevented from pricing 
so low that they capture too much of 
the market [39]. This would amount to 
an informal division of the market in 
which American, European and Asian 
firms will limit their commercial 
launches. An agreement of this kind 
would attempt to ensure that at least 
some US firms will remain in the com¬ 
mercial launch business, although at 
a lower rate of profitability. It is likely, 
however, that one or more of the US 
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Where American firms and govern¬ 
ment once dominated the commercial 
launch business, they now have about 
25 per cent of the market. European 
and Asian competition in ground sta¬ 
tion services and in the manufacture 
and sale of satellites is presently in¬ 
creasing and will continue to do so. 
The increased competitiveness of 
foreign firms is reflected in America’s 
first high-technology trade deficit in 
1986. 

The extent to which US firms will 
retain the comparative advantages 
they now have is problematical. In 
addition to requiring competent stra¬ 
tegic planning; shrewd market as¬ 
sessment; and stable, sensible gov¬ 
ernment policies, a healthy dose of the 
entrepreneurial spirit will be needed. 
US firms will have to exploit profitable 
commercial opportunities in interna¬ 
tional markets if they expect to do 
anything more than fill government 
contracts. 

It is far too early to sound the indus¬ 
try’s death knell or even to offer a 
pessimistic prognosis for the industry. 
The aerospace industry has an 
enormous amount of technical ability 
and executive talent. And there are 
some hopeful signs that countries will 
more toward fair, open markets in 
which talent and productivity are re¬ 
warded. It is this kind of atmosphere in 
which American firms have tradition¬ 
ally done best. 


A Chinese Long March-2C booster blasts oh. The 
launch vehicle Is capable ol launching 2,500 kg 
to low earth orbit 


firms will eventually-stop production of 
commercial launch vehicles [40]. 

An informal cartel will probably be 
required for the agreement to be ap¬ 
proved by the Coordinating Commit¬ 
tee for Multilateral Export Controls 
(COCOM). France is a member of this 
committee and will, attempt to protect 
Ariane’s market share. Douglas Ha- 
ydon, the American representative of 
Arianespace, has said, “Disruption of 
the market by diversion of ‘only’ 3 or 4 
launches per year is in reality a major 
shift of as much as 24 per cent, since 
the total absolute number is small in 
any case. A cut-back in production 
rates by Arianespace of this magni¬ 
tude would have a significant impact 
on unit production costs, to the detri¬ 
ment of the drive to reduce costs and 
promote growth” [41]. 

Although the launch and satellite 
industries were most directly affected 
by the President’s decision, general 
trade policy with China and the Pacific 
region was also at stake. The admini¬ 
stration apparently felt that advan¬ 
tages of trade with China and the 
Pacific region outweighed the poten- 
.ial losses suffered by US launch firms. 

US space firms are faced with the 
problem of remaining competitive. 
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Ariane Flights Suspended 
Following Launch Explosion 


ARIANE 44L: V36 CONFIGURATION 


SUPERBIRD-B 



Third Stage: H10 


10.5 metric tons cryogenic propellant. 
HM7 engine - Thrust: 62 KN in vacuum. 
Burn time: 725 Seconds. 

Chamber pressure: 35 bars. 

Second Stage: L33 


34 metric tons N204 + UDMH. 

Viking IV engine - Thrust: 786 KN in vacuum 
Burn time: 123 seconds. 

Chamber pressure: 58.5 bars. 


First Stage: L220 


226 metric tons N204 + UDMH + Hydrate of hydrazine. 
4 Viking V engines - Thrust: 4 x 668 KN. 

Burn time: 204 seconds. 

Chamber pressure: 58.5 bars. 


Liquid Propellant Strap-on Booster (4) 


37 metric tons N204 + UDMH. 
Viking VI engines - thrust 6.61 KN. 
Burn time: 135 seconds. 


The 36th Ariane launch ended in disas¬ 
ter on February 22 with the loss of two 
Japanese satellites. Europe’s most 
powerful launch vehicle, the Ariane 
44L was destroyed by an explosion one 
minute 41 seconds after blast-off. Arl- 
anespace has suspended all launches 
until the cause of the explosion is de¬ 
termined. 

Seconds after lift-off flight controllers 
became aware of a serious problem. At 
Ho+6.2‘ seconds the combustion chamber 
pressure of one of the four Viking V engines 
(engine D) on the first stage dropped, within 
half a second, from 58 bars to approximately 
30 bars. With reduced thrust from Engine D 
the Ariane 4 began to veer off course. Be¬ 
tween Ho+6 and 8.5 seconds the attitude 
control system commanded engines A and 
C to gimbal at 1.2 degrees to compensate 
for reduced thrust from engine D and to keep 
the Ariane on course. 

“Luckily the vehicle did not hit the tower,” 
Klaus Iserland, Arianespace Vice Presi¬ 
dent, told Spaceflight shortly after the ac¬ 
cident The top of the umbilical tower was 
scorched by the Ariane 4 as it climbed from 
the launch pad slightly off track. 

By Ho+90 seconds the engines were 
gimbaling at maximum capacity. The atti¬ 
tude control system could no longer keep 
the Ariane 4 on the correct trajectory. At 
Ho+100 seconds, at an altitude of 9 km and 
12.5 km downrange, the vehicle began to 
pitch over, followed, a second later, by 
structural break up caused by aerodynamic 
forces. Shortly afterwards the Range 
Safety Officer at the Guiana Space Centre 
operated the self destruct system to destroy 
any remaining portions of the vehicle. 

Debris from the Ariane 4 rained down into 
the Atlantic. Launch personnel and local 
residents were advised to stay indoors in 
case toxic fumes from the explosion were 
blown back to shore. 

Arianespace President, Frederic D’AI- 
lest, immediately suspended all further Ari¬ 
ane launches. The company had planned 
eight missions during 1990. The first of 
which was successfully accomplished on 
January 23 (see p.140). 

A seven member independent inquiry 
committee was formed by Arianespace and 
ESA. The committee has been charged with 
establishing the cause of the failure of V36 
and to recommend all the necessary meas¬ 
ures to be taken to correct the anomalies 
found. The committee is to submit its first 
results on March 20. 

It seems the drop in thrust from engine D 
was caused by the loss of the engine’s wa¬ 
ter supply. If the failure is found to be a one- 
off, as Klaus Iserland hopes, he believes 
launches could resume by the summer. 
However, if a fundamental design fault is 
discovered it could delay the Ariane pro¬ 
gramme many months more. 

This is the fifth failure of the Ariane ve- 


' The four first stage engines and the Uquid 
StrapOn Boosters ignite at ‘Ho’. Lift off actually 
occurs at Ho+3-4 seconds. 


hide and the first Ariane 4 to be lost The 
second launch of the Ariane 1 ended in dis¬ 
aster on May 23, 1980, when the first stage 
failed. Failures in September 1982, Sep¬ 
tember 1985 and May 1986, were all attrib¬ 
uted to the vehicle’s cryogenic third 
stage. Following the loss of Ariane V18 in 
1986 the launch vehicle was grounded 
while the third stage ignition system was 
redesigned. Flights resumed in Septem¬ 
ber 1987 and since then Arianespace has 
successfully launched 17 Ariane ve¬ 


hicles, carrying 32 satellites. 

The launch was the third flight of the Ariane 
44L variant, equipped with four strap-on liq¬ 
uid propellant boosters. The configuration is 
the most powerful in the Ariane inventory, 
capable of lifting over 4,200 kg to a geosta¬ 
tionary transfer orbit. 

The Japanese payload (or V36 was the 
Superbird B telecommunications satellite 
and the BS-2x direct broadcasting satellite. 
The launch of the two spacecraft was origi¬ 
nally scheduled for December 1989 but there 
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were concerns that Superbird B had been 
damaged during the San Francisco earth¬ 
quake last October. The satellite, built by 
Ford Aerospace, was at the company’s 
Palo Alto facility in California when the 
quake struck. During a subsequent exami¬ 
nation a fault was found in the spacecraft’s 
communications package. The Ford re¬ 
quested a delay while the fault was cor¬ 
rected. 

The BS-2x satellite was to serve as a 
back-up for BS-2b which has been broad¬ 
casting television programmes to 1.55 mil¬ 
lion Japanese homes since the summer of 
1988. Run by the NHK television network, 
the BS-2b satellite has no in-orbit back-up. 
NHK collects a license fee for its television 
service and cannot afford to have its pro¬ 
grammes blacked out by the failure of its 
single satellite. NHK therefore placed an 
urgent order with General Electric for a new 
satellite to guarantee the continuity of its 
service. In February 1989 GE signed an 
agreement with Arianespace for the launch 
of BS-2x. The fact that the launch date 
stated in the contract was less than twelve 
months away indicated NHK’s urgent need 
to orbit the satellite. 

The satellite was also intended to serve 
as a back-up for the next generation of 
Japanese direct broadcasting satellites, 
the BS-3. Built by NEC and General Elec¬ 
tric, the two BS-3 satellites are to be 
launched by NASDA’s H-l vehicle in the 
summers of 1990 and 1991. These satel¬ 
lites will be followed in 1997 by two BS-4 
models, which will be dedicated to high 


definition television. Because the launch of The BS-2x, with a lift-off mass of 1,250 
the BS-3 satellite is due soon, NHK has de- kg, was based on the GE 3000 platform. It 

dded not to replace the spacecraft lost in was equipped with three channels each 

the explosion. rated at 200 watts. 


Satellites Await Ariane Launches 


The suspension of Ariane launches 
grounds a significant number of sat¬ 
ellites. 

French direct broadcasting satellite, 
TDF-2, had arrived at the Guiana Space 
Centre in preparation for a launch on the 
next Ariane flight, V37. The satellite’s 
launch has been postponed indefinitely 
awaiting the outcome of the investigation 
into the loss of Ariane V36 (see separate 
item). TDF-2 was due to be orbited along¬ 
side the German telecommunications sat¬ 
ellite, Copemicus-2, on an Ariane 44L 
originally scheduled for launch on March 
30. 

Arianespace has 32 satellites on its 
orderbook worth over $2 billion to the Eu¬ 
ropean consortium. They include the Brit¬ 
ish military communications satellite 
Skynet 4C, the MOP-2 weather satellite, 
the European remote sensing satellite 
ERS-1, Intelsat VI F5, INMARSAT 2 F3 and 
SBS-6. 

in early February, Arianespace won the 
contract to launch two Spanish telecom¬ 
munications satellites, HISPASAT 1A and 
IB. The satellites are scheduled for launch 
in 1992. 

RIGHT: The French direct broadcasting satel¬ 
lite TDF 2 in the Aerospatiale clean room facility 
at Cannes during preparation for its shipment to 
the Guiana Space Centre. TDF 2 is identical to 
TDF 1 which was launched on October 28, 1988. 
tt has five high power channels (230 watts), and 
can be received with very small antennas only 
45 to 60 cm in diameter. Aerospatiale is prime 
contractor for TDF 2, built by the Eurosatellite 
tea m. Aerospatiale 
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The two UoSATs and low MICROSATS 
are tested after integration with the ASAP 
ring. SPOT-2 was later installed in the 
centre of the ring (see illustration below). 
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Ariane’s Seven Satellite Launch 


The 35th Arlane launch carried a total 
of seven satellites Into a near polar 
orbit 600 km high. The primary payload 
was France’s second Earth resources 
satellite, SPOT-2 (Satellite Pour I’Ob- 
servatlon de la Terre). The remaining 
six satellites were two UoSAT and four 
MICROSAT spacecraft, with a total 
weight of about 150 kg. The launch 
marked the maiden flight of an Arlane 
40, the standard Arlane 4 vehicle with¬ 
out strap-on motors. 

The launch of Ariane V35 had suffered 
a series of delays, first due to problems 
with other Ariane payloads prompting a 
changes to the overall Ariane launch 
schedule and then due to a suspected 
problem with the launch vehicle’s inertial 
reference system and a fault in one of 
SPOT-2’s two onboard tape recorders. 

The first launch attempt on January 20 
was abandoned due to bad weather. 
Cloud cover over the Guiana Space 
Centre, near Kourou, French Guiana, 
threatened a possible lightning strike 
during launch. The launch window of ten 
minutes was not long enough to allow the 
clouds to pass and the launch was re¬ 
scheduled for the following day. 


Payload cnnftji#arian for V35. SPOT-2 is above 
the ASAP ring hofcfrig the six 'IghtsatE'. 


Improved weather conditions on Janu¬ 
ary 21 allowed the countdown to proceed 
as planned and the Ariane 40 vehicle 
blasted off from pad ELA-2 on January 22 
at 01:35:27 GMT. 

SPOT-2 was separated from the Ari¬ 
ane third stage at T+17 min 5 sec. The 
third stage then made a 180 degree reori¬ 
entation for the separation of the UoSAT 
D and E satellites. Following a further 25 
degree reorientation the four MICROSAT 
satellites were separated. 

The six light-weight satellites were 
housed on the Ariane Structure for Auxil¬ 
iary Payloads (ASAP), a ring that sur¬ 
rounds the Ariane/SPOT-2 adaptor. This 
was the first flight of the ASAP. 

The UoSAT spacecraft were built in the 
UK by the University of Surrey Spacecraft 
Engineering Research Unit (^ee sepa¬ 
rate item). The MICROSATs were devel¬ 
oped by the US Radio Amateur Satellite 
Corporation AMSAT-NA. They were re¬ 
named Pacsat, Dove, Webersat and 
LUsat following their launch (See ’Satel¬ 
lite Digest’ for further details.) The two or¬ 
ganisations shared the cost of the launch, 
a reduced fee of 1 million French Francs 
(about 2100,000). 
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Contact Lost With UoSAT-4 


The University of Surrey has lost con¬ 
tact with one Its two satellites 
launched on Arlane V35. Attempts are 
now underway to determine the cause 
of the malfunction and to hopefully 
regain contact with the spacecraft 

Transmissions from UoSAT-4 abruptly 
ceased about 30 hours after launch, ac¬ 
cording to Dr Martin Sweeting, the Direc¬ 
tor of Satellite Engineering & Project 
Manager at UoSAT. To prevent a single 
malfunction crippling the spacecraft a 
great deal of redundancy was included in 
the design of the satellite. There are two 
sets of power converters, three command 
receivers, two downlink transmitters, 
etc. However, attempts to recontact the 
spacecraft have proved unsuccessful. 

Using a 150ft antenna operated by the 
Stanford Research Institute in the US, the 
Surrey group hope to be able to detect 
very low level signals leaking from the 
UoSAT-4 onboard uplink receiver local 
oscillators. If the spacecraft power sys¬ 
tems are still functioning then these sig¬ 
nals should be present since the receiv¬ 
ers cannot be switched off. However, 
these leakage signals are deliberately 
minimised during the design of the satel¬ 
lite and so they are very weak: -60 dBm, 
one thousand, millionth of a Watt or the 
equivalent to someone in Britain looking 
for a single Christmas tree light in Austra¬ 
lia! 

If these weak signals can be detected 
it will confirm the satellite's power system 
has not failed. To test the procedure the 
Stanford antenna looked for and sue- 


3rd stage 
boost phase 


3rd stage 
Separation 


Solar generator 
rotation 


2nd stage 
ignition 



cessfully detected signals from the local 
oscillator onboard UoSAT-3. The search 
for signals from UoSAT-4 is expected to 
take some weeks. If the leakage signals 
are detected the Surrey group plan fur¬ 
ther tests to trace the nature of the fault. 

Dr Sweeting is hopeful UoSAT-4 can be 
recovered. He recalls that contact with 
UoSAT-2 was lost for 10 weeks before 
communications were restored 

The satellite is one of a pair launched 
by Ariane V35 on January 21. Each 
spacecraft measures 345 x 345 x 600 mm 
with mass of 45 kg. They were placed into 
an 800 km polar orbit by the Ariane 40 
booster. The total budget for both space¬ 
craft is £700,000. The satellites were 
built and developed by the University of 
Surrey Spacecraft Engineering Re¬ 
search Unit and its technology transfer 
company Surrey Satellite Technology 
Ltd. 

“Fortunately, UoSAT-3 is working 
fine”. Dr Sweeting told Spaceflight 
Ground controllers have started the sat¬ 
ellite rotating for thermal control and were 
preparing to extend the spacecraft’s 
gravity gradient stabilisation boom. 

The primary payload carried by 
UoSAT-3 is a digital store-and-forward 
communications transponder for mul¬ 
tiple access from hundreds of portable 
ground stations and particularly suited to 
communications in remote or disaster 
stricken areas. The radiation environ¬ 
ment experienced by satellites in low 
Earth orbit and its effects will be studied 
by two experimental payloads monitoring 


Separation SPOT 


3rd stage maneuver 


AOCS initialized when 

the S2 antenna and 

the Solar array are deployed ■ 


Reduction 
of rotation 


cosmic particles and total radiation dose. 
UoSAT-3 will also carry high efficiency 
Gallium Arsenide solar cell arrays in col¬ 
laboration with Mitsubishi and inexpen¬ 
sive Nickel-Cadmium rechargeable bat¬ 
teries in collaboration wi^J AMSAT-NA in 
Canada The payloads on UoSAT-3 are 
funded by the Royal Aerospace Estab¬ 
lishment, VITA (USA DoE) and AMSAT- 
UK through Surrey Satellite Technology. 

UoSAT-4 carries three in-orbit tech¬ 
nology demonstration payloads which 
were to evaluate their performance over 
extended operation in space. These 
comprise a Transputer data Processing 
Experiment, a Solar Cell Technology 
Experiment and a CCD Earth imaging 
camera. UoSAT-4 also carries the first 
Gallium Arsenide solar array panels pro¬ 
duced in Europe by FIAR/CISE (Italy) and 
EEV (UK). These payloads are funded by 
the European Space Agency, the Royal 
Aerospace Establishment and the Uni¬ 
versity of Surrey, through Surrey Satel¬ 
lite Technology Ltd. 

If attempts to recontact UoSAT-4 fail 
the satellite's payloads may fly again on 
the next satellite in the series. Arianes- 
pace has offered the University of Surrey 
a flight opportunity for UoSAT-F accom¬ 
panying ERS-1 into polar orbit in 1991. 

Meanwhile the UoSAT-2 satellite is 
still operating well and celebrated six 
years in orbit on March 1, 1990. The Uni¬ 
versity’s first satellite, UoSAT-1 oper¬ 
ated in low Earth orbit for more than eight 
years and eventually burned up in the 
atmosphere on October 13, 1989. 


Separation 
UOSAT D 
UOSAT E 


3rd stage maneuver 


Separation 
MICROSAT A 
MICROSAT B 
MICROSAT C 
MICROSAT D 


SPOT 2 SEQUENCE 


Unlocking of the Solar Array 
driver mechanism 


Earth acquisition, 
stabilization of roll > 
and pitch axes 

Yaw jp 

acquisition 


3rd stage 
maneuver 


Deployment 
of the Solar Array 



Standby for reception 
by Katsuura 


UOSATS 

MICROSATS 

SEQUENCE 


- 

3rd stage rotation 
(60%) 

Vent opening 
for degassing 


SPACEFLIGHT, Vol. 32, April 1990 


141 







ARIANE 




This image was acquired by the HRV-2 instrument at 1:18 GMT during the first test ot the SPOT-2 satellite 
payload, 32 hours after being placed Into orbit by Ariane. The satellite was passing from northern Europe 
towards Italy and Africa. This image, which covers an area of 60 km, from north to south and 60 km from 
east to west, Is centred over the Lago di Garda, between the regions of Lombardia and Venice, and 
extends to the south over the Po plain and to the north up to the first summits of the Alps bordering the 
Trentino, Alto-Adige regions. The town of Brescia on the autoroute between Milan and Venice is dearly 
visible in the bottom left-hand comer. © CNES 1990 - SPOT IMAGE Distribution 

Second SPOT Satellite Launched 


The SPOT-2 spacecraft was the primary 
payload for Ariane V35. Built and oper¬ 
ated by the French space agency, CNES, 
SPOT-2 Joins Its sister satellite SPOT-1 
launched In February 1988. 

The two SPOT spacecraft are in near 
polar orbits positioned on opposite sides of 
the globe. Each spacecraft carries two iden¬ 
tical optical instruments, called HRV (High 
Resolution Visible), capable of resolutions 
of 20 metres for multi spectral (colour) im¬ 
ages and 10 metres in panchromatic (black 
and white). Adjustable mirrors allow the 
instruments to gain an oblique view of the 
ground. This enables the satellite to pro¬ 
duce images slightly off the ground track 
and also allows the production of stere¬ 
oscopic images. 

Ariane V35 blasts off carrying the SPOT-2 satel¬ 
lite and six lightsats. Arianespace 


The images can be transmitted directly to 
Earth or recorded on tape for later transmis¬ 
sion. The two main receiving stations are at 
Toulouse in France and Kiruna in Sweden. 
Other ground stations have been added to 
the network to ensure direct collection and 
distribution of images taken locally. These 
are located in Canada, Spain, India, Brazil, 
Thailand, Japan, Pakistan, South Africa 
and Saudi Arabia. Stations in Ecuador and 
Australia will soon be operational. 

Images from the SPOT satellite are avail¬ 
able through SPOT Image and its network 
of 50 distributors throughout the world. The 
major uses for SPOT images are: 30% for 
mapping, 20% for vegetation studies, for¬ 
estry and agriculture and 18% for geology. 

SPOT Image’s tumtfver exceed 130 mil¬ 
lion French Francs in 1989, with a yearly 
growth rate of 25%. 
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Soviets Push Space Business 


The Soviet Space programme domi¬ 
nated this year's Space Commerce 
'90 conference and exhibition held 
at Montreux, Switzerland, in late 
March. The Soviet stand was one of 
the largest in the exhibition hall, 
displaying models of the Mir com¬ 
plex, Energla/Buran and many 
other satellites and launchers. A 
delegation of Soviet space offi¬ 
cials, ranging from the deputy head 
of Glavkosmos to the designer of 
Buran, was on hand to answer ques¬ 
tions and, more Importantly, to look 
for business. The Soviet space 
programme was also In evidence on 
many other stands. 

After many difficulties the Soviets fi¬ 
nally seem to making progress in their 
efforts to market their space services. 

Until now US objections and technol¬ 
ogy transfer issues have blocked the 
launch of Western satellites on Soviet 
vehicles. However, if all. goes to plan, in 
1995 the first Western satellite will be 


Reports by Steven Young 

From Montreux, Switzerland 

launched from Cape York, Australia, on a 
Zenit booster. The Cape York Space 
Agency is to buy the rockets from 
Glavkosmos in the same way as a haul¬ 
age company buys trucks. The satellites 
will be exported to Australia and prepared 
for launch by Australian citizens thus 
avoiding technology transfer problems. 
(See p.148 for more details.) 

In December 1989 the first US experi¬ 
ment was conducted on the Mir space 
station. Payload System Inc. chose to 
place its protein crystal growth experi¬ 
ment on Mir because it required a long 
exposure to microgravity, something the 
US Shuttle cannot offer at present. At 
Montreux Payload Systems was display¬ 
ing the actual flight hardware returned 
from Mir in February. The results of the 
experiment are now eagerly awaited. 

The Kayser-Threde stand featured a 


International Partners for Soviet 
Air-Launched Spaceplane 



The Multipurpose Aerospace System. 

Gleb Lozlno-Lozlnsky, chief designer 
of NPO Moinla, told Spaceflight he was 
looking for international partners to 
develop a spaceplane designed for 
launch from the back of an Antonov An- 
225 aircraft. 

Development of the spaceplane, de¬ 
scribed by NPO Molnia as The Multipur¬ 
pose Aerospace System’, is in the initial 
stages according to Lozino-Lozinsky. 

“We may have an agreement with a 
Western company by the end of the year,” 
Lozino-Lozinsky said.. He was unwilling 
to give any details of the negotiations 
which are now underway. 

According to a NPO Molnia fact sheet 
the spaceplane can be flown manned or 
unmanned. The manned version can lift 
seven tonnes of payload into a 200 km 
orbit. The unmanned version has a capac- 


NPO Molnia 

ity of eight tonnes. The spaceplane is also 
capable of retrieving payloads from 
space. NPO Molnia says it would be able 
to perform ‘emergency and rescue work’. 

The spaceplane with its external fuel 
tank has a weight of 250 tonnes. It can be 
launched into orbits of any inclination and 
has an extensive cross-range capability 
when returning from orbiL 

The spaceplane represents a new 
stage of development for Squid propellant 
engines, according to Lozino-Lozinsky. 
The engines use three propelants: liquid 
oxygen, liquid hydrogen and kerosine. 

“This fuel gives us the possibrSty to cut 
propellant consumption per unit of 
thrust,” Lozino-Lozinsky said. “It also 
significantly decreases the volume of the 
hydrogen tanks and of course increases 
the payload mass.” 


Photon recovery capsule. The West Ger¬ 
man company has exclusive marketing 
rights for the Photon, Nika and Resurs 
spacecraft until 1993. It plans two Photon 
flights this year, one in May carrying 
experiments for the Intospace organisa¬ 
tion, the other in October for ESA. 

Speaking at Montreux, Dr Leonid Gor¬ 
shkov of NPO Energia gave a price list for 
the use of the Mir space station. 

“Delivery of equipment with a specific 
density of 0.5-0.6 kg per litre and with 
dimensions not exceeding 300 x 300 x 300 
mm will cost approximately $20,000 per 
kg,” he said. “As the specific density in¬ 
creases above 0.6 kg per litre the cost 
may be reduced proportionally to the size 
decrease.” 

Charges for cosmonaut time depends 
on the extent of crew involvement. 

“The cost of cargo recovery is strongly 
dependent on its dimensions and can be 
defined only by detailed analysis. This 
cost can vary from $20,000 per kg to 
$60,000 per kg. 

“If an EVA by the crew is required, then 
the cost is $400,000 per hour. This cost 
can be substantially reduced if the flight 
prorjamme already envisages an EVA.” 

The Soviets continue to sign agree¬ 
ments for foreign cosmonauts to fly to Mir. 
West Germany is due to sign in late April 
(see separate item). 


$104 Million 
for Spacehab 

A group of Banks led by Chemical Bank 
has provided $104 million to finance 
the construction of the Spacehab pres¬ 
surised research modules that will fly 
on the Space Shuttle. 

Joining Chemical Bank in the commit¬ 
ment to the project are The Mitsubishi 
Bank Ltd, Banque Nationals de Paris and 
Banque Paribas. The funds will allow 
Spacehab to proceed with the construc¬ 
tion of two flight modules and a third 
engineering module which will be used for 
tests and training. The financing package 
also provides funds for working capital for 
the company after the initial flight 

The Spacehab module offers 28.3 
cubic metres of additional pressurised 
volume to the Shuttle’s working space. 
The module can carry up to 71 mid-deck 
lockers or 1 space station-type rack and 
61 lockers or two racks and 51 lockers. 

Construction of the pressurised mod¬ 
ules has commenced at Torino, Italy by 
subcontractor Aertialia and the manufac¬ 
ture of schedule-critical components for 
the module subsystems are being pro¬ 
cured and built by McDonnell Douglas, 
Spacehab’s prime contractor. The first 
Spacehab fBght is scheciied for Septem¬ 
ber 3, 1992 on the Shuttle Endeavour. A 
further six missions have been sched¬ 
uled. 
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Improvements to Third 
Soviet Shuttle 


The third Soviet Shuttle orblter will 
be lighter and more reliable than Its 
predecessors, according to Gleb 
Lozlno-Lozlnsky the designer of 
Buran. 

The orblter's heat protection sys¬ 
tem will be significantly improved 
Lozino-Lozinsky said, adding that to 
decrease the weight of the vehicle by 
“many hundred kilograms,” more of 
the orblter's structure will be made 
from composite materials. 

The ends of the wings wil be made 
from silicon-silicon material and many 
of the access doors, originally made of 
metal, will be made from composite 
materials.” Lozino-Lozinsky said. 

Attachments of major structural 
components will be completed by the 
end of the year. The orbiter should be 
ready for flight in 1992. 

Final construction of the second or¬ 
biter will be completed this year and a 
full checkout of Its onboard systems 
will begin. The flight is Scheduled for 
the second half of 1991. The Shuttle is 
to dock with the Mir space station and 
may also dock with a Soyuz TM space¬ 
craft. The payload for the mission will 
be decided in the near future. 

A crew from Mir wil transfer to the 
Shuttle but will not man the orbiter for 
the landing. 




Gleb Lozino-Lazlndcy poses with a model erf the 
Soviet Shuttle. 

"We think that the reliability factors 
should be proved once again before 
we allow people onboard,* "Lozlno- 
Lozinsky told Spaceflight. 


NASA Selects 
Atlas for SOHO 
Launch 


NASA has announced that the Gen¬ 
eral Dynamics Atlas vehicle has 
been selected to launch the Solar 
and Heliospheric Observatory 
(SOHO) mission. The announce¬ 
ment came as the first commercial 
Atlas I was rolled out. 

The SOHO spacecraft will orbit the Sun 
at a fixed distance of 1.6 million km from 
Earth at the neutral Sun/Earth gravity 
point. The Atlas HAS, the most powerful 
Atlas booster, will be used to launch 
SOHO. The vehicle is equipped with four 
Castor IVA solid rocket motors and offers 
a payload performance of 8,000 lb to 
geostationary transfer orbit. 

SOHO will be built by the European 
Space Agency and is scheduled for 
launch in 1995 from Cape Canaveral. 

The first Atlas I booster, rolled out on 
March 27, will launch the Combined Re¬ 
lease and Radiation Effects Satellite 
(CRRES) in June. General Dynamics is 
committed to building 60 Atlas launch 
vehicles. The company will invest more 
than $400 million in improved production 
facilities, launch pad refurbishment and 
other areas. General Dynamics has 33 
launch commitments, including 23 com¬ 
mercial and 10 government missions. 

In view of its increasing involvement in 
Europe, General Dynamics has estab¬ 
lished a programme office in Brussels, 
Belgium. 


Austrian Mir Mission Set for November 1991 

Japanese Launch in December - West Germans Poised to Sign 


The launch of an Austrian cosmonaut 
to the Mir space station has been set for 
November 1991. One of two cosmo¬ 
nauts currently training at Star City 
will conduct IS experiments aboard 
the station during the week long mis¬ 
sion. The launch of a Japanese Journal¬ 
ist to Mir has been scheduled for De¬ 
cember 2. In late April West Germaty 
Is expected to sign an agreement to fly 
a cosmonaut to Mir In 1992. 

The preparations for the November 
1991 AustroMir mission are now well 
underway. The two cosmonauts, Kle- 
mens Lothaller and Franz Fibeck, began 
training earlier this year. Joanneum 
Research, Austria's second largest inde¬ 
pendent research organisation, has 
taken over general management of the 
AustroMir project and the participating 
university departments, clinics,- re¬ 
search institutes and firms are busy de¬ 
veloping the necessary hardware and 
software for the experiments. 


One of the 21 Joanneum Research 
departments is the centre of all these 
activities - the Institute for Applied Sys¬ 
tems Technology - responsible for all the 
scientific, technical and organisational 
matters of the AustroMir project and en¬ 
trusted with the onboard central process¬ 
ing and storage of data obtained from the 
Austrian experiments. The Institute has 
established a special project manage¬ 
ment team in charge of the planning, 
monitoring and control of the project 

The total mass of the Austrian experi¬ 
ments must not exceed 150 kg. Details of 
the experiment programme can be found 
in Spaceflight, August 1989, p.256. 

Japanese Flight Set 

The launch of a journalist from Japan’s 
TBS television network has been tenta¬ 
tively set for December 2 according to 
Glavkosmos. The two Japanese cosmo¬ 
nauts are Toehiro Akiyama and Ryoko 
Kikuchi. 

The Japanese cosmonaut will make 


live television broadcasts from the space 
station during the week-long mission. 

West Germany Poised to Sign 

The German Aerospace Research 
Establishment (DLR) will sign an agree¬ 
ment with V/O Licensintorg in late April to 
fly a cosmonaut on the Mir space station, 
Dr Dieter Genthe of the German Space 
Agency (DARA) told Spaceflight. The 
mission, financed by the West German 
government, will cost DM 20-21 million. 
The contract allows for the launch of 100 
kg of experiments to Mir and the return of 
return 10 kg of results. 

West Germany is currently training 
five astronauts for space flight: Renate 
Brummer, Ulrich Walter, Gerhard Thiele, 
Hans Schlegal and Heike Walpot One of 
the five will fly on the Mir mission, two 
others on US shuttle missions. The two 
remaining trainees will serve as back¬ 
ups. The candidates for the Mir flight are 
already learning Russian in preparation 
for the start of training at Star City. 
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Zenit to Fly from Cape York 


In 1995 a Soviet Zenit booster will blast 
off from the Cape York Spaceport in 
Australia. The launch will mark the 
start of commercial launch operations 
from the peninsula located In north¬ 
east Australia. The Cape York Space 
Agency (CYSA) hopes It will capture a 
significant slice of the commercial 
space transportation market with this 
Innovative concept. 

Launches from Cape York Space Port 
have the advantage of improved rocket 
performance because of the site’s prox¬ 
imity to the equator at 12 degrees south. 
The Ariane complex at Kourou, 6 degrees 
north, is the only existing launch site 
positioned closer to the equator. The rest 
of the world’s major launch sites are po¬ 
sitioned some distance from the equator. 

Located on the east coast of Austra¬ 
lia's north-most peninsula. Cape York is 
ideal for due east launches over the Pa¬ 
cific Ocean to place communications 

Three Stage Zenit 
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Third Sage Propulsion Unit - 
Innnagc Adaptor - 


Instrumentation 
~ Compartment 


- Liquid Oxygen Tank 


- Second Stage Propulsion Unit 

- Second Stage Steering Engines 


- interstage Connecting Truss 


- Liquid Oxygen Tank 


ZENIT 3 DATA 

Weight: 466 tonnes 
Height: 61.4 m 
Diameter - 

1 st & 2nd Stage: 39m 
3rd Stage: 3.7 m 



First Stage 
Propulsion Unit 


satellites into geostationary orbit. 

When the possibility of establishing 
the Cape York Space Port was first ex¬ 
pressed there were two scenarios. The 
first sawlaunch operators bringing their 
vehicles to Australia to take advantage of 
Cape York’s proximity to the equator. The 
second proposed that CYSA should pur¬ 
chase launch vehicles and operate them 
with Australian crews from the Cape York 
site. Following a feasibility study CYSA 
opted for the latter scenario, with the pos¬ 
sibility of other launch vehicle companies 
to operate from Cape York at a later date. 

Zenit Booster Selected 

CYSA then began the search for a 
launch vehicle. The Soviet Zenit booster 
was selected after detailed discusssions 
with Glavkosmos. The booster meets all 
the Australian’s requirements: a suffi¬ 
cient number will be available each year, 
a payload capacity comparable to the Ari¬ 
ane 4 series, a good success rate and is 
_ environmentally friendly. 

Glavkosmos is purely an equipment 
supplier. They will supply the Zenit 
booster, ground support equipment, de¬ 
sign and performance data and wil pro¬ 
vide training for the launch crews. 

The Zenit boosters wil be shipped to 
Australia in batches of three. Alterna¬ 
tively the boosters can be flown to the 
launch site on a transport aircraft. 

The first Zenit was launched in 1985,” 
Yuri Smetanin, designer of the Zenit 
booster, told Spaceflight. “We have 
made 13 launches since then. The first 
stage of Zenit is also used as the Energia 
strap-on booster. Energia has been 
launched twice so you could say that the 
first stage has been successfully tested 
20 times. Of the 13 launches I mentioned, 
there was only one which we regard as 
only partially successful. 

There have been no Zenit launches for 
more than a year because the Soviet 
space programme has shrunk considera¬ 
bly. This has caused postponement or 
cancellation of some planned work,’’ he 
said. 

Smetanin told Spaceflight the next 
Zenit launch would take place shortly. He 
said the payload will be an Okaa/i-type 
satellite but would not give any further 
details. 

A unique feature of Zenit is that it can 
be assembled and launched within a very 
short length of time. 

“If we exclude the time necessary for 
payload preparation, it takes about ten 
days to assemble during one eight hour 
shift each day. So the total assembly time 
is 80 hours. Once you have assembled it 
you can store it for up to a year. If you want 
to go ahead and install the payload, the 
total time is 14.5 days, ten for the booster 
and four and a half for the payload. The 
vehicle is then moved to the launch pad 
and positioned upright. In 21 hours we can 
launch.” 

A three stage version of Zenit will be 



Yuri Smetanin, Chief Designer of the Zenit 
booster at a Space Commerce news conference. 

used from Cape York. The third stage is 
taken from the Proton booster and has 
made more than 100 successful launches 
according to Smetanin. 

Zenit has a payload capacity of 5,860 
kg to geostationary transfer orbit. 

The Space Port 

The Cape York Space Port consists of 
three main elements: the assembly and 
testing complex, the launch complex and 
the support facilities. 

The Zenit 'boosters will be assembled 
in a 30m x 60m x 10m vehicle assembly 
building. There will be a warehouse type 
building for the storage of launch vehicles 
inside specially designed environmen¬ 
tally controlled canisters. A transporter/ 
erector will move the launch vehicle to the 
pad and rotate it from the horizontal as¬ 
sembly position to the vertical launch po¬ 
sition. 

The actual launch pad consists of a 
50m x 50m reinforced concrete structure 
with a launching mount, water deluge 
system, connections for fuel, power, 
communications and environmental con¬ 
ditioning. A mobile service tower 70 m 
high encloses the vehicle during the ini¬ 
tial preparations for launch and gives 
access to the vehicle. 

Support facilities will include a town to 
house the spaceport workers and their 
famillies. the town will have a school, 
medical facilities, shops and sporting 
facilities. An estimated 700 people will 
live there. 

The spaceport will be supplied by 
barges and aircraft. A runway capable of 
handling a Boeing 747F class aircraft is 
to be built. 

If all proceeds well construction of the 
spaceport will begin in early 1992. 

In 1994 a demonstration launch will be 
made carrying a Soviet satellite. 
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Budget Stability is Crucial for Space 
Station Success Says Top NASA Official 


In an exclusive interview with 
Spaceflight, John O’Brien, NASA’s 
Assistant Deputy Administrator, 
said the space station requires a 
stable funding profile to guaran¬ 
tee success. Mr O’Brien said 
President Bush’s NASA budget 
request is one of the best the 
agency has seen. However, he 
said it was too early to predict the 
size of any budget cuts by the 
Congress. Mr O’Brien also refutes 
claims that NASA is building a 
space station that will require in¬ 
tensive maintenance before its 
construction is complete. 

We have seen reports that NASA 
could lose over $1 billion dollars 
from Its 1991 budget. How would 
that affect NASA? 

If we were to take a cut of that magni¬ 
tude and it was not earmarked for any 
particular programme then we would 
have to figure out our own priorities. 
On the other hand if they were to take 
that amount from, let us say, the space 
station programme it would put that 
programme in very serious jeopardy. 
At present we are seeing the annual 
posturing that goes on between the 
Executive Branch and the legislative 
branch of the Government. Where it 
will end up six months from now no one 
can predict, but we have a good budget 
going now. 

I understand the space station 
budget Is very tight. Can you afford 
a cut In this programme's budget? 

You cannot generalise to say we can¬ 
not lose anything from the space sta¬ 
tion budget, it depends how much you 
lose. I think that one of the problems 
that we have had with the space sta¬ 
tion programme has been the lack of 
stability in the funding profile. We are 
planning a certain kind of space sta¬ 
tion and if all of a sudden in one par¬ 
ticular year four, five or six hundred 
million dollars is lost from the budget 
planning then we end up going through 
the kind of exercise that we went 
through last year to reformulate the 
space station programme which led to 
certain tensions with our international 
partners. I think we came through it OK 
but we just cannot be doing that every 
year. You have to get on a stable fund¬ 
ing profile, or else everything goes up 
and down and you do not have pre¬ 
dictability. A lesson we learnt after the 
Challenger accident, when we went to 
the Congress for funding for a new 


orbiter to replace Challenger and they 
gave us the money all at one time,that 
is we are coming in under budget and 
are ahead of schedule because we 
have been able to manage that part of 
the programme with funding we knew 
we could count on. When you can do 
that you can do lots of good things. But 
when you are going up one year and 
down the next, like we have with the 
space station it makes it a very difficult 
programme to manage. Sometimes 
we get criticised for the lack of good 
management in the programme but 
sometimes it is the funding you have 
to look at. 

Last year we saw the descoplng of 
the space station. It now seems you 
have been able to return to some of 
the original plans. What exactly Is 
the situation? Have things worked 
out better than you had expected? 

Well the descoping - if that is what you 
want to call it - Exercise was done in 
such a way that if we wanted to we 

We think this year’s budget 
request that the President 
has sent to the Congress is 
probably one of the better 
balanced budgets than has 
been the case for a long time. 

could put anything back into the pro¬ 
gramme as funding became available. 
We hope to get back most if not all of 
things that we had to delete last year. 
The programme has been sized that 
way so we can get it back. Hopefully 
we will get it back sooner or later. 

Last year was a rather difficult time 
for relations with the space station 
partners. Has that been resolved 
now? 

I think so. I think our view of that is that 
although there were some tensions, I 
am not sure it was as serious as some 
people portrayed it. Our belief is that 
we have come through this with a 
stronger partnership than we had be¬ 
fore. We had to really get down and 
work out some nitty gritty problems. 

By solving some of the European 
and Japanese concerns have you 
not created tensions with US space 
station users? 

I do not think so. I do not see it that way. 
In the United States there is always our 
own set of internal tensions between 


the science and engineering commu¬ 
nities. I think our scientists, quite prop¬ 
erly, believe that there should be more 
and more done for them, on the other 
hand there are so many things to do 
that one has to sift through priorities 
and sometimes science does not al¬ 
ways get everything it might. You can 
only stretch your budget to so many 
things. Part of the challenge of the 
management of an agency like NASA 
is how does one come to a proper bal¬ 
ance to take into account all the com¬ 
peting agents. It is really not different 
from the arena we go into as an agency 
versus other agencies in government 
competing for limited resources. 
Within the agency there is also that 
second level competition for re¬ 
sources that the agency actually ends 
up with. 

We think this year's budget request 
that the President has sent to the Con¬ 
gress is probably one of the better bal¬ 
anced budgets, taking into account 
everything that we have to do, than has 
been the case for a long time. Now 
whether we could hold that together 
with threats of a large cut I do not know. 
We will certainly try. 

Just recently we have heard reports 
that the maintenance of Space Sta¬ 
tion Freedom will require over 2,000 
hours of EVA time a year. Is that the 
case? 

Well what happened was this newspa¬ 
per accounts came about, that implied 
that we were 6ome how building a 
space station that already needs to be 
maintained before its completion and 
we would have this ungodly amount of 
EVA to repair and maintain the station. 
Now what they were getting in the way 
of information were the very early re¬ 
turns in the fact gathering stage of a 
study that we still have underway. Now 
let me try to put it into perspective. The 
study will go on until July and this was 
just phase one and there are several 
phases of the study. Phase one was ‘if 
anything can go wrong then what can 
go wrong that will require EVA' - not 
that it would according to any assess¬ 
ment of reliability or quality but just 
what could go wrong. The next phase 
is to start now analysing all those 
things, to say 'well a truss is not going 
to need maintenance for 15 years’ and 
to say ‘well that mechanism has been 
so reliable over the last ten years we 
would not expect problems’. So when 
we get to July we wil have some idea 
what the real EVA maintenance re¬ 
quirements are. The information that 
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got into the press was just to do with 
stage one which was the fact gather¬ 
ing. It was unfortunate, because think 
it was just much too early in the study 
to be trying to draw any kind of infer¬ 
ences. 

What Is the status of the space sta¬ 
tion EVA suits? Are you using the 
old Shuttle suits or the new de¬ 
signs? 

The new suits were a casualty in last 
years refinement due to the budget. I 
think that as time goes on we will get 
back into the new suit business. I know 
that some people believed that the 
EVA exercise was some how linked to 
a desire by some of the space commu¬ 
nity to get back into the suit business 
more quickly. I do not think that is the 
case. I think we will get back to that in 
time as the money becomes available 
to do it. Believe me we da not plan to 
build a space station that is going so 
fragile that it is going to require two and 
a half EVAs a week to maintain. 

Are Space Shuttle operations likely 
to be affected by budget? Will a cut 
in this area affect the flight rate? 

it could. It depends again on the size 
of the cut and how we must take it or 
whether we have the opportunity to 
decide. If we ourselves take any major 
cut we would have to look at the flight 
rate, there is no doubt about that. It 
might be that we just cannot fly some 
missions because we cannot pay the 
bills. I hope it does not come to that. 
Again, it is too early to tell. We are early 
in the budget cycle, with a long way to 
go yet. How it will turn out next Fall I 


cannot predict. 

Would a budget cut of the amount 
we discussed earlier affect Presi¬ 
dent Bush’s Moon-Mars Initiative? 

Any sizable budget cut would affect future 
run-out costs of a lot of programmes. 
What we have before the Congress now, 
when you break it down, is almost 98% of 
our budget request to fund programmes 
already previously approved by the Con¬ 
gress. The major new accounts that are 
in the budget, the 2%, are the Earth Ob¬ 
serving System and the beginning of the 
Human Exploration Initiative technology 
programme. So when you are talking 
about cutting a billion and that is what the 
talk is, you are really cutting into pro¬ 
grammes that Congress has already put 
in place and decided that we should do. It 
is a curious predicament for Congress to 
be talking about numbers of that magni¬ 
tude in juxtaposition to what they have al¬ 
ready told us we must do in prior years. It 
is not new money. It cuts into previously 
approved programmes. But let us not 
speculate or start believing there is going 
to be a billion dollar cut because it is too 
soon to be talking in that way. 

What do you think Is Ihe biggest chal¬ 
lenge facing NASA today? 

Well of course we always have the tech¬ 
nical challenges, those are always there. 
I think from the stand-point of looking to 
the future I am very concerned about 
resources not just in terms of dollars for 
programmes but resources in terms of 
people to carry out a pretty full plate that 
we have ahead of us. The Human Explo¬ 
ration Initiative is going to be a pretty 
large effort. We will need additional 
skilled personnel of all types to do this. It 


is of great concern to us to maintain the 
core capability to do the things that we 
already must do but to expand that core 
capability so NASA can take on the really 
tremendous challenge of the Human 
Exploration Initiative. We have been talk¬ 
ing all around Washington, to OMB, to the 
Congress and to others that we are going 
to need some help within NASA to expand 
our capabilities, internally to do these 
projects. That in turn leads to another 
issue which is of great concern to the 
NASA Administrator and to all of us and 
that is whether the education system in 
the United States currently can serve up 
the skills in terms of mathematics, sci¬ 
ence and engineering. We are deeply 
involved with other agencies in govern¬ 
ment right now trying to reinstall or rein¬ 
fuse interest in the kindergarten on up in 
basic science and engineering. Our sta¬ 
tistics show that at the end of the Apollo 
programme when that started to come 
down that PhDs in maths and science 
they followed essentially the same dowN- 
ward curve. We are hoping that through 
the Human Exploration Initiative we can 
inspire young people into the sciences. 
With the Moon-Mars project you are get¬ 
ting a 30 year plus programme. We are 
talking about potentially full careers for 
kids who are in school today. They could 
spend their whole working lives on some¬ 
thing like this. But can we get them and 
will they be properly trained, that is the 
concern. It feeds into our more general 
concern with our core capability within 
the agency to do these wonderful things 
that we are being challenged to do. 

Outside of that I think our major chal¬ 
lenges are the usual technical ones, al¬ 
ways searching for break through tech¬ 
nologies to make the job easier and 
cheaper. But you cannot plan those 
things, they just hajjpen. 


Shuttle May Rescue Stranded Satellite 


NASA Is considering a Shuttle mission 
to rescue an Intelsat 6 satellite 
stranded In a useless orbit First dis¬ 
cussions Indicate a rescue operation 
would be feasible. 

The satellite was launched by a Martin 
Marietta Commercial Titan at 06:25 EST 
on March 14 from complex 40 at Cape Ca¬ 
naveral. The lift-off seemed perfect, the 
Titan stages performing flawlessly. 
However, at the appointed time, the sat¬ 
ellite failed to separate from the Titan 
second stage. 

The Intelsat 6/Titan combination was 
in a highly unstable orbit of 96.02 x 214.75 
miles. If no action was taken the space¬ 
craft would reenter in less than two 
weeks. Ground controllers had no alter¬ 
native but to separate the satellite from 
its perigee motor which was holding it to 
the Titan. Free of its launch vehicle, In¬ 
telsat was boosted into a safer 220 x 140 
nautical mile orbit using its nitrogen tet- 
roxide and hydrazine thrusters. The sat¬ 
ellite is now stranded in this orbit. With¬ 
out its perigee motor the spacecraft will 


never reach its intended geostationary 
orbit. 

The satellite separation system failed 
because of a wiring error. The same mis¬ 
take was also found on the next Titan 
being prepared for launch. Engineers had 
made a wiring change without informing 
the software writers. As a result, the Ti¬ 
tan computers were trying to route the 
separation command through wire that 
was no longer connected. A Martin Mari¬ 
etta official told Spaceflight there would 
be changes in procedure to ensure such 
a breakdown in communications never 
happened again. 

With the cause of the failure pinpo¬ 
inted, attention turned to ways of salvag¬ 
ing the unfortunate satellite. NASA, 
Hughes Aircraft (the satellite’s manufac¬ 
turers) and Intelsat officials met at the 
Johnson Space Center to discuss a pos¬ 
sible rescue mission with the Space 
Shuttle. 

Intelsat and Hughes briefed NASA on 
the health of the spacecraft and the op¬ 
tions of retrieving and reboosting or 


bringing the satellite back to Earth. 

In a joint statement issued after the 
day-long meeting, the group said that 
“While the discussions were very prelimi¬ 
nary, no insurmountable technical issues 
were identified.” 

"This initial meeting was devoted to 
fact-finding only and no decisions were 
made as to whether such a mission could 
be accomplished,” the statement said. 
Additional meetings are to be held. 

Some of the major issues discussed at 
the meeting, chaired by Shuttle Integra¬ 
tion and Operations Manager Hal Lam¬ 
bert, included hardware development to 
accommodate the spacecraft, crew train¬ 
ing requirements, orbiter configuration 
and weight constraints and safety factors 
related to propellants onboard Intelsat. 

Intelsat 6 was originally developed for 
deployment from the Space Shuttle. A 
pallet to house the satellite in the payload 
bay already exists. A rescue mission 
could not be mounted until 1991 at the ear¬ 
liest. but Intelsat 6 can be maintained in 
its present orbit for several years. 
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UPDATE USA 


NASA Plans Extended Shuttle Missions 

In March 1992 the Space Shuttle Co¬ 
lumbia will blast off on a 13 day 
flight carrying the United States 
Mlcrogravlty Laboratory. This long 

duration mission will be possible ^ ^ ^ *w6M^ oaECToR 

longer duration will soon be pos- —*—l /'/V '/ 

slble as the Shuttle Endeavour will \§aSfe5 I y' A* J 

be equipped to make missions of up — _ I 

life science experiments on the Shuttle J-Hfl 1 

are impaired by the short duration of the _.£=» 

flights. The orbiter Columbia is equipped ~ ~T h ? ta>ik 3 . 

with five sets of cryogenic oxygen and /'w'&sr (r -o 

hydrogen tanks which enable missions of x\ i 

nine to ten days. However, even with this u ^ 

extended capability, some experiments 

cannot be conducted to their full poten- | 

structed Rockwell International to de- 

Extended Duration Orbiter (EDO) system 

that will enable flights of at least 16 days. rear of the payload bay. The cryo kit con- sures the cabin air remains breathable. 

As well as providing additional time for sists of eight spherical tanks containing Additional nitrogen tanks will be installed 

experiments, the EDO will reduce the liquid oxygen and liquid hydrogen, valve beneath the payload bay and in the crew 

number of flights required to accomplish panels and avionics boxes. The kit pro- compartment improvements will be made 

tasks and thus lower risks, costs and vides additional cryogenics for the or- to increase locker space and habitable 

vehicle wear. The EDO capability is ex- biter's three fuel cells that generate the volume. 

pected to prove useful for missions to Shuttle's electrical power. Other modifi- According to Rockwell's EDO Project 
Space Station Freedom. cations for the EDO include a regenera- Manager, Tom Barrera, eventually mis- 

The main component of the EDO sys- tive carbon dioxide removal system, lo- sions of 30, 45 or .60 days will become 

tern is the cryo kit, which is located at the cated near the orbiter nose, which en- possible. 


sures the cabin air remains breathable. 
Additional nitrogen tanks will be installed 
beneath the payload bay and in the crew 
compartment improvements will be made 
to increase locker space and habitable 
volume. 

According to Rockwell's EDO Project 
Manager, Tom Barrera, eventually mis¬ 
sions of 30, 45 or .60 days will become 
possible. 


Atlantis in Good Condition Despite Hydraulic Leak 


Following Its landing at Edwards Air 
Force Base on March 4, the Space 
Shuttle Atlantis was found to be In 
good condition, according to NASA 
officials. However, a leak In the hy¬ 
draulic system did occur during the 
orblter’s descent. Atlantis had Just 
completed a four day mission for the 
Department of Defense (see 
Spaceflight, April 1990, p.110). 

The hydraulic system in question was 
Auxiliary Power Unit (APU)-I. Flight Di¬ 
rector Ron Dittemore said flight control¬ 
lers had been monitoring the system 
because a pressure fluctuation had been 
noted during launch. The APUs provide 
hydraulic power to drive the orbiter’s 
control surfaces during reentry and land¬ 
ing. 

Shortly after Atlantis' deorbit burn was 
completed there was an unusual drop in 
fluid in the hydraulic reservoir indicating 
a possible leak. As a precaution APU-1 
was switched to low-pressure until Atlan¬ 
tis reached about Mach 2.5 during the de¬ 
scent. It was then returned to normal for 
the landing and performed normally. 
APU-1 was shutdown immediately after 
landing, again as a precaution. 

Following the landing, drops of hydrau- 



Atlantis touches down at Edwards Air Force Base 
on March 4 following the four day STS-36 mission 
for the US DoD. NASA 

lie fluid were noted in the right wheel well 
and the liquid hydrogen disconnect. En¬ 
gineers later discovered a thin film of 
hydraulic fuel coating the interior of the 
orbiter’s aft compartment. A one-inch 
split was found in a high pressure outlet 
hose on APU-1. The fluid was cleaned up 
and the leaking hydraulic line was re¬ 


moved and sent to the Rockwell plant in 
Downey, California for analysis. 

Apart from the hydraulic leak the or¬ 
biter appeared to be in good condition. An 
initial inspection indicated about 60 tiles 
had some damage. Only one tile ap¬ 
peared damaged sufficiently to require 
replacement. 

High winds at the landing site caused 
some delay in hoisting the orbiter into the 
Mate-Demate device in preparation for 
what was expected to be a one day flight 
back to Florida. However. Atlantis atop 
the 747 Shuttle Carrier Aircraft had to 
make an unscheduled landing at Biggs 
Army Air Base, El Paso, Texas on March 
11 due to bad weather on the flight path. 
The orbiter’s journey continued on March 
13. Atlantis arrived back at KSC later that 
day following a refuelling stop at Colum¬ 
bus Air Force Base in Mississippi. 

Atlantis is now in the Orbiter Process¬ 
ing Facility Bay 2 where preparations for 
the classified STS-38 mission are now 
underway. The orbital's three main en¬ 
gines and right Orbital Maneuvering 
System pod have been removed for refur¬ 
bishment prior to the flight scheduled for 
July 9. 

Additional Material by Roelof Schulllng 
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INTERNATIONAL SPACE REPORT 


US Spy Satellite Fails Say Soviets 

Fragments from Shuttle-Launched Satellite Reenter 


AFP-731, the spy satellite deployed from the Space Shuttle Atlantis 
in March, has broken up and began to reenter the atmosphere, ac¬ 
cording to Soviet reports. The US DoD has confirmed fragments 
associated with Shuttle mission STS-36 have reentered. 


The Novosti Press Agency reported on 
March 16 that Soviet space tracking fa¬ 
cilities were registering four fragments 
after the S500 million AFP-731 satellite 
had apparently broken up in low Earth 
orbit on March 7. The satellite had been 
deployed during STS-36 from on March 1 
(see Spaceflight, April 1990, p.110). 

Following the Novosti report the US 
Department of Defense issued a brief' 
statement that said: "STS-36 achieved its 
goal associated with a classified DoD 
programme. Hardware elements associ¬ 
ated with the mission are expected to 
reenter the Earth’s atmosphere.” NO¬ 


RAD reported it was tracking six frag¬ 
ments from the satellite. The DoD later 
said that two fragments from the satellite 
reentered the atmosphere before March 
20 and that two other fragments would 
burn-up between early April and mid- 
May. 

.Novosti gave more details. The press 
agency said one of the fragments entered 
the atmosphere on March 19 at 16:19 
GMT, 37.6 degrees north, 154.5 degrees 
west, 1,500 km north of Midway Island in 
the Pacific. Novosti said the fragment 
burned up. There were no reports of any 
debris reaching the ocean. 


Soviet Foreign Ministry spokesman 
Gennady Gerasimov told a Moscow brief¬ 
ing: "The Soviet public is disturbed by 
reports that a US intelligence satellite, 
put into orbit on March 1, has gone out of 
control and its fragments may drop on 
Soviet territory.” He went on to say. “In 
view of the possible negative conse¬ 
quences, the Soviet Foreign Ministry has 
asked the US State Department for infor¬ 
mation about the satellite’s flight, includ¬ 
ing forecasts of possible places where 
fragments may be expected to drop.” 

Soviet reports said the satellite had 
been destroyed by ground controllers. 
However, it seems more likely that there 
was a problem with the satellite’s propul¬ 
sion system which either caused an ex¬ 
plosion or spun the satellite out of control 
until centrifugal forces caused it to break 
up. 


Israelis Launch 
Second Satellite 

Israel launched Its second satellite on 
April 3. There were reports the satellite 
was for military reconnaissance but 
the Israelis said the spacecraft was an 
‘Inactive and temporary experimental 
satellite’. 

The satellite, named Ofek-2 (Ofek is 
the Hebrew word for horizon), blasted off 
from a launch site south of Tel Aviv on a 
Shavit solid propellant booster. Accord¬ 
ing to Yuval Neeman, head of the Israeli 
space agency, the satellite was placed 
into a low Earth orbit and will have a life 
time of about two months. He said Ofek-2 
contained "several improvements on the 
last one.” Israel’s first satellite was or¬ 
bited in September 1988. 

Neeman said a third launch in a few 
months would orbit a permanent, active 
satellite. Ofek-3 and 4 were likely to carry 
experimental telescopes, he said. 


SOHO & Cluster Contracts for 
British Aerospace 

ESA has awarded British Aerospace 
contracts for design work on the SOHO 
(Solar Heliospheric Observatory) and 
Cluster spacecraft. 

The initial contracts will cover the design 
of the Attitude and Orbital Control System 
(AOCS) for SOHO and the AOCS and Re¬ 
action Control System (RCS) for Cluster. 
The total value of the first phase of this pro¬ 
gramme is currently estimated at £2 million. 

The contracts will be undertaken by Brit¬ 
ish Aerospace’s Earth Observation and 
Science Division at Bristol. The studies will 
be completed in early 1991 and are ex¬ 
pected to lead to contracts for the develop¬ 
ment and manufacture of the spacecraft 
hardware. 


Asiasat Blasts Off From China 


China made Its first commercial 
launch on April 7 when a Long March 3 
launched the AslaSat 1 telecommuni¬ 
cations satellite. 

The US-built AsiaSat 1 was success¬ 
fully launched from the Xichang launch 
site in south west China at 14:30 BST on 
April 7. The Long March 3 vehicle suc¬ 
cessfully placed the satellite into geosta¬ 
tionary orbit. The launch was covered live 
on Chinese television. 

The AsiaSat satellite has an amazing 
history. It was originally the Westar 6 
satellite, deployed from the Space 
Shuttle Challenger during STS 41-B in 
February 1984. The satellite’s upper 
stage malfunctioned leaving Westar 6 
stranded in a useless low Earth orbit The 
satellite was deemed to be a total loss and 
underwriters paid the owners $105 mil¬ 
lion. However this was not the end of the 
story. The underwriters led by Stephen 
Merrett at Lloyd's decided to fund a recov¬ 
ery attempt. On November 13, 1984 as¬ 
tronaut Dale Gardner plucked Westar 6 
from orbit during a daring space walk from 
the Shuttle Discovery. Gardner and fel¬ 
low space walker Joe Allen then stowed 
the satellite in the payload bay for the 


return to Earth. 

Westar 6 was then bought by the Asi- 
aSat consortium, whose members are 
Cable & Wireless, Hutchinson Whampoa 
and China International Trust and Invest¬ 
ment Corporation (CITIC), a subsidiary of 
the Bank of China. 

The satellite was fully refurbished by 
its original constructors, the Hughes Air¬ 
craft Company and rechristened AsiaSat 
1. It is to be the first of a network of four or 
five satellites providing television and 
telecommunications over most of Asia. 
The satellite’s antenna coverage ‘foot¬ 
print’ will cover half the world's popula¬ 
tion. 

The AsiaSat launch was insured for 
$120 million by the People's Insurance 
Company of China. The UK company 
Willis Faber & Dumas is sole reinsurance 
broker of AsiaSat for PICC. 

The launch of AsiaSat 1 is certainly a 
landmark in the history of the Chinese 
space programme but China’s first com¬ 
mercial launch may be its last. The US 
Department of Transport is currently in¬ 
vestigating claims that China’s bid for the 
launch of Arabsat 1C broke an agreement 
on fair launch prices (see separate item). 


Astronaut Training Centre in West Germany 


The ESA Council has approved a plan 
to set up the European Astronauts 
Centre (EAC) In West Germany. 

The Delegates were unanimously in 
favour of this new ESA establishment 
which will be located in Cologne and 
dedicated to the selection, recruitment 
and training of European astronauts. 

The EAC will provide the astronauts for 


the Columbus space station and the Her¬ 
mes spaceplane. In June 1989 the ESA 
council approved a policy on European 
astronauts. The policy defines the selec¬ 
tion procedures for the European astro¬ 
nauts. The pre-selection will be done by 
member states. The final selection will be 
ESA’s responsibility. The aim is to have 
at least one astronaut from each member 
state. 
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China Faces Commercial Launch Ban 


The US Department of Transport's 
Office of Commercial Space Transpor¬ 
tation Is currently Investigating 
claims that China won the contract to 
launch Arabsat 1C with a bid much 
lower than the market price. The export 
of satellites to China could be blocked 
If the US finds China has broken an 
earlier agreement on launch prices. 

When China first entered the commer¬ 
cial launch market it was on the under¬ 
standing that they would follow standard 
Western business practices. The US was 
particularly concerned that China would 
flood the market with cheap, subsidised, 
launch vehicles. In an agreement signed 
in January 1989, China accepted US 
demands to ‘ensure that the market is 
both open and fair’. The US restricted 
China to just nine commercial satellite 
launches over six years. 

The China Great Wall Industry 
Corporation (CGWIC) is thought to have 
won the contract for the launch of Arabsat 
1C with a bid of USS25 million. CGWIC 
was competing against Arianespace and 


Increase in UK 
Space Budget 
Below the Rate of 
Inflation 

The UK Minister with responsibility for 
space, Mr Douglas Hogg, told a Parlia¬ 
mentary Space Committee (PSC) meet¬ 
ing that the UK’s civil space spending 
for 1990 would Increase by 6%, below 
the rate of Inflation. 

At its meeting on January 31, Douglas 
Hogg told the PSC the Government 
budget for civil space spending in 1990 
was £152 million, an increase of 6% over 
last year's expenditure. In a press re¬ 
lease the PSC expressed some encour¬ 
agement in “the modest increase.” How¬ 
ever, the increase is below the current 
rate of inflation and in real terms repre¬ 
sents a further cut in UK space spending. 

During further discussions the com¬ 
mittee covered: concern over Britain’s 
"meagre 5.5% share of Columbus"; con¬ 
cern that UK interest in the Space Station 
would be virtually eliminated once the 
polar platform is launched; the national 
failure to exploit the inspirational appeal 
of manned space; the UK’s declining 
share of European space activities; and 
opposition within the UK science commu¬ 
nity to space microgravity spending. 


Shuttle Officially Shuttle 

Shuttle chief Bob Crippen has announced 
the change of the official programme title 
from ‘National Space Transportation Sys¬ 
tem (NSTS)’ to ’Space Shuttle’. With the 
advent of the mixed launch vehicle fleet, the 
term NSTS is no longer appropriate accord¬ 
ing to Crippen. 


McDonnell Douglas. 

Gerald Musarra, Counsel and Execu¬ 
tive Director of the Office of Commercial 
Space Transportation told Spaceflight 
he would have expected a fee of $40-50 
million to launch a satellite of Arabsafs 
class. “The Chinese bid is not consistent 
with standard Western launch prices,” he 
said. Musarra went on to say there was 
also concern about the Arianespace bid, 
which he said was believed to be just $5- 
10 million above the Chinese launch 
price. 

According to Musarra the DoT is in an 
“information gathering phase”. If the fig¬ 
ure of $25 million is true it would be “to- 
taly at odds with the US-Chinese agree¬ 
ment,” he said. 

The French government is also be¬ 
lieved to be investigating the Chinese bid. 
Arabsat 1C is currently at an Aerospatiale 
facility in France. Aerospatiale is the 
prime contractor for the satellite. It 
seems likely the French government will 
prevent the export of the satellite to 
China. Also, the spacecraft includes 


numerous US components which could 
not be exported to China without US per¬ 
mission. 

The DoT and other US agencies plan to 
meet the Chinese in early June to discuss 
the irregularities surrounding the Ar¬ 
absat contract. The DoT is determined to 
protect its domestic launch industry from 
future unfair pricing by the Chinese. If 
China is found to have broken its earlier 
agreements the export of any further 
satellites could be blocked. Satellites 
that have already been cleared for Chi¬ 
nese launches could have their export li¬ 
censes revoked. 

The Arabsat controversy looks set to 
bring the international commercial 
launch operators to the conference table 
to determine what is a ‘fair* launch price. 
“An international summit is required,” 
Musarra told Spaceflight. He went on to 
stress this should not be a price setting 
exercise or an opportunity for the launch 
firms to carve-up the market between 
them. ‘We do not want to become the 
OPEC of space,” he said. 


Japanese Spacecraft Enters Lunar Orbit 

First Moon Mission Since 1976 



Artist’s impression ot the Lunar Orbiter as it separates from the main Muses-A craft A small solid rocket 
motor places the ^>acacraft into lunar orbit 


The Muses-A (Hiten) lunar probe has 
entered orbit around the Moon making 
Japan the third nation to have reached 
the Earth's closest neighbour. 

The 11 kg Lunar Orbiter was ejected 
from the main Muses-A spacecraft as it 
passed 9,315 miles from the Moon on 
March 19. A small onboard solid rocket 
motor then placed the tiny spacecraft into 
lunar orbit. 

The Japanese spacecraft, developed 


by the Institute of Space and Astronauti¬ 
cs) Science (ISAS), was launched from 
the Kagoshima Space Centre on January 
24. Muses-A and its Lunar Orbiter will 
give Japan valuable experience operat¬ 
ing and tracking spacecraft orbiting 
around another body. 

The Muses-A Lunar Orbiter becomes 
the first spacecraft to orbit the moon since 
the Soviet Union’s Luna 24 mission in 
August 1976. 
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SATELLITE DIGEST-229 


Satellite Digest Is produced In two sections. Orbital Data Is In the form of a table which lists each satellite’s 
name, International designation, launch time and date, launch site, launch vehicle, perigee, apogee, period 
and Inclination. Launch times are approximate, except when marked with an asterisk, when the time given Is 
that Issued by the launching agency. All times are GMT. Soviet launch vehicles have been named by the US DoD 
system of classification and, when known, by the Sovl&t name. Orbital data has been provided by the Royal 
Aerospace Establishment The first section. Satellite Data, contains notes on each satellite's mission. 


CHINA 2B (1990-11 A): Chinese domestic 
communications satellite. 

COSMOS 2059 (1990-12A): Military. Exact 
purpose unknown. 

MOMO IB (1990-1 3A): Known as MOS 1b 
before launch. Marine Observation Satel¬ 
lite. 

ORIZURU (1990-13B): Known as Debut 
before launch. Deployable Boom and Urn- 
brella Tost. 

FUJI 2 (1990-13C): Known as JAS 1b be¬ 
fore launch. Amateur radio satellite. 
SOYUZ TM-9 (1990-14 A): Launched cos¬ 
monauts Anatoli Solovyov and Aleksandr 
Balandin to man the Mir complex for the next 
six months. Docked with Mir’s rear (Kvant 
1) port at 06:38 on February 13. Following 
the departure of Soyuz TM-8, TM-9 was 
moved to the forward port on February 21. 


SATELLITE DATA 


LACE (1990-15A): Low Power Atmos¬ 
pheric Compensation Experiment.(LACE). 
An SDI experiment Also known as USA 51. 
RME (1990-15B): Relay Mirror Experiment 
(RME) for the SDI programme. Also known 
as USA 52. 

RADUGA 26 (1990-16A): Geostationary 
communications satellite. Part of the Or- 
bita-2 network. 

NADEZHDA 2 (1990-17A): Navigation sat¬ 
ellite. Also part of the international CO- 
SPAR-SARSAT rescue system. 

OKEAN 2 (1990-18A): Oceanographic sat¬ 
ellite equipped with sideways looking radar 
(see 3paceftlght, February 1989, p.62-63 


for further details). 

STS-38 (1990-19A): The Space Shuttle At¬ 
lantis on a classified Department of De¬ 
fence mission. Astronauts Creighton, Cas¬ 
per, Hilmers, Mullane and Thuot deployed 
a dual purpose reconnaissance satellite on 
March 1 (see USA 53). 

USA 53 (1990-19B): Code named AFP-731 
this photo and electronic intelligence satel¬ 
lite is believed to have broken up in orbit. 
Fragments designated 1990-19C to G have 
been listed by NORAD. Two of the frag¬ 
ments reentered before March 20 and the 
remaining fragments are expected to bum 
up shortly (see p.156 for more details). 
PROGRESS M-3 (1990-20A): Carried 

cargo to the Mir space station. Docked with 
the Mir’s Kvant-1 docking port at 01:05 on 
March 3. 


ORBITAL DATA 


Name & International Launch Time Launch Launch Perigee Apogee Period Inclln. 

Designation and Date Site Vehicle (km) (km) (min.) (deg.) 


CHINA 26, 1990-11A 

1227", 4 February 

Xichang, China 

Long March 3 

35,782 

35,788 

1,435.89 

0.13 

COSMOS 2069, 1990-12A 

1634, 6 February 

Baikonur, USSR 

SL-14 Tsyklon 

179 

2,265 

109.91 

65.86 

MOMO IB, 1990-13A 

7 February 

Tanegashima, Japan 

H-l 

911 

920 

103.37 

99.08 

ORIZURU, 1990-13B 




912 

1,746 

112.28 

99.06 

FUJI 2, 1990-13C 




912 

1,746 

112.28 

99.06 

SOYUZ TOL9, 1990-14A 

0616*, 11 February 

Baikonur, USSR 

SL-4 Soyuz 

290 

334 

90.69 

51.62 

LACE, 1990-15A 

1615*, 14 February 

. Pad 17B CCAFS, USA 

Delta 11 

531 

550 

95.34 

43.10 

RME, 1990-15B 




457 

479 

93.84 

43.11 

RADUQA 26, 1990-16A 

0755, 15 February 

Baikonur; USSR 

SL-12 Proton 

35,766 

35,808 

1,436.00 

1.46 

NADEZHDA 2, 1990-17A 

2107, 27 February 

Plesetsk, USSR 

SL-8 Kosmos 

956 

1,020 

104.92 

82.96 

OKEAN 2, 1990-18A 

0058, 28 February 

Plesetsk, USSR 

SL-14 Tsyklon 

639 

666 

97.84 

82.53 

STS-36, 1990-19A 

0250*, 28 February 

Pad 39A, KSC, USA 

Atlantis 

243 

254 

89.47 

62.0 

USA 53, 1990-19B 




Unknown Possibly Reentered 

PROGRESS M-3, 1990-20A 

2311*, 28 February 

Baikonur, USSR 

SL-4 Soyuz 

277 

331 

90.54 

51.62 


Pegasus Rockets to Success 


INTERNATIONAL SPACE REPORT 


The Pegasus alr-launch booster suc¬ 
cessfully completed Its first mission 
on April 5. The 46 ft long booster placed 
a NASA/DARPA payload Into polar or¬ 
bit. 

The Pegasus launch occurred at 12:10 
PDT approximately 60 miles southwest of 
Monterey, California, over the Pacific 
Ocean. Following take-off from Edwards 
Air Force Base, Pegasus and its NASA B- 
52 carrier aircraft followed a planned 
route to the designated launch point. 
Pegasus separated from the B-52 at an al¬ 
titude of 43,000 ft within the Western Test 
Range. Approximately five seconds after 
release from its carrier aircraft, the 
winged Pegasus followed an autono¬ 
mously guided, lift-assisted trajectory 
into to 320 nautical mile polar orbit. 


Pegasus separates from its B-52 carrier aircraft Five seconds after separation the booster ignites. 
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Blocked Water Line 
Caused Ariane Explosion 

Flights to Resume in the Summer 



The area around the Ariane launch site (ELA). The 
terrain. 

The Ariane V36 Inquiry Board has pre¬ 
sented Its findings. They Identify a 
blocked water line as the cause of the 
accident. The launcher exploded 
shortly after Its launch on February 22. 

In its report the Board presented four 
main conclusions: 

□ “The loss of the mission was due to the 
decrease in thrust of one of the four Vi¬ 
king V motors on the first stage. The 
drop in thrust occurred 6.2 seconds 
after motor ignition. It was due to an 
almost total obstruction of the water 
feeding circuit of Viking motor D. The 
engine itself is not at fault. The ob¬ 
struction occurred upstream of the 
motor before the water pump. The 
precise cause of the obstruction is 
either a foreign object in the pipe or a 
failure of the main water valve. The 
Inquiry Board felt the second explana¬ 
tion was the less probable. 

□ “A second anomaly was identified: a 
fire broke out at 2.4 seconds in the pro¬ 
pulsion bay of one of the Liquid Strap- 
on Boosters (PAL 3). 

□ “At the completion of its research the 
Inquiry Board was not able to establish 
any correlation between both inci¬ 
dents. 

□ “The loss of Ariahe V36 does not put 
into question the overall design of the 
Ariane 4 launcher. 1 ’ 

The Inquiry Board has issued 44 rec¬ 
ommendations; all were accepted by Ari- 
anespace -and ESA.‘ Nine are major rec¬ 


debris search area Is marked with the four types of 

Arianespace 

ommendations and will be applied before 
the next Ariane launch. 

The debris from V36 continues to be 
recovered. A 500 metre wide, 6 km long 
search area was identified after the ex¬ 
plosion. The area includes four zones: 

1. A submerged dangerous mangrove 
swamp. 

2. A stabilised mangrove swamp. 

3. A costal zone with a muddy bottom. 

4. A maritime zone. 

PAL 3 was recovered after much effort. 
It proved necessary to build a floating 
caisson around the PAL 3, bring pumps 
to the site to make the sludge more fluid, 
open up a channel and finally tow both 
PAL and caisson over to Kourou harbour. 

A search of mangrove swamps in zone 
2 located some 350 different objects from 
the first, second and third stages. In par¬ 
ticular, this search located external tub¬ 
ing of engine D as wefl as water tank ele¬ 
ments. 

The first stage propulsion bay along 
with the four Viking motors was found. 
Despite extremely difficult conditions, 
the suspect elements of the water circuit 
were recovered shortly before this issue 
of Spaceflight went to press. The parts 
are to be examined in detail. 

Arianespace intends to continue the 
investigation of the recovered debris. 
The company hopes to resume launches 
in the summer. 


Juno Faces 
Funding 
Crisis 

Juno, the Anglo-Soviet space mis¬ 
sion faces an uncertain future after 
the Moscow Narodny Bank pulled 
out of the project Efforts to raise 
funds for the mission have proved 
far more difficult than expected. 

“The Bank came to the conclusion that 
the receipts had been coming in more 
slowly and of a smaller size than ex¬ 
pected,” Juno Director Jack Leeming told 
Spaceflight. “So they have decided to 
cut their losses and get out of the project.” 

Press reports indicated the ITV televi¬ 
sion companies had also quit the project. 
However, this was not the case as Jack 
Leeming explains. ‘ITN and ITV had a 
contract with Antequera, since Ante- 
quera will no longer be continuing the 
project, ITN and ITV are no longer bound 
by their contract.” Spaceflight under¬ 
stands the television companies may 
rejoin the Juno project if it becomes a 
viable proposition once again. 

On March 26, Antequera Ltd, the com¬ 
pany formed to managed the project, offi¬ 
cially announced it had decided it could 
no longer continue with the mission in its 
current form and with its intended method 
of funding. The science programme and 
astronaut training is to continue for the 
time being. 

“It was disappointing to have to take 
this decision,” said Sir Geoffrey Pattie, 
Chairman of Antequera, “because the 
Juno Mission was designed to be first and 
foremost a business venture. We have 
been seeking sponsorship from British 
industry since our launch on June 29, 
1989 but although there has been a tre¬ 
mendous interest from the British public 
in Juno, this has not been reflected in the 
interest from British companies.” 

Juno has begun negotiations to ensure 
the project goes ahead. The mission is 
hoping for continued support from the 
Soviets. 

“Glavkosmos felt it was disastrous that 
a good mission was going to be aborted,” 
said Jack Leeming. “They are very deter¬ 
mined to work with us and we are very 
determined to work with them to get this 
mission completed.” Further negotia¬ 
tions with the Soviet space agency were 
planned as this issue of Spaceflight went 
to press. 

Negotiations were also underway with 
organisations that came forward follow¬ 
ing the announcement of the project’s 
difficulties. The UK Minister responsible 
for space, Mr Douglas Hogg, has ruled out 
any possibility of Government funds to 
help the project The future of the Juno 
mission is expected to be known in late 
April. 
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Expanding the Visible Universe: 
Story of the Hubble Space Telescope 


In April, Space Shuttle Discovery 
will lift off from launch pad 39B at 
the Kennedy Space Center, Cape 
Canaveral. The purpose of its mis¬ 
sion, STS-31, will be to deploy In low 
Earth orbit the long awaited Hubble 
Space Telescope - a two-metre 
class astronomical telescope the 
size of a 56-seater coach. 

The telescope is named after Ameri¬ 
can lawyer and part-time boxer turned 
astronomer, Edwin P. Hubble, whose 
study of faint nebulae in the 1920s 
proved the existence of galaxies be¬ 
yond our own Milky Way. Until then, 
astronomers debated whether such 
foggy images were merely features 
within our galaxy. Such debate re¬ 
sulted from observations from tele¬ 
scopes which lacked the resolution to 
identify individual stars, a problem 
further exacerbated by the distorting 
envelope of the Earth’s atmosphere - 
an effect similar to observing city lights 
through a heat haze. 

In 1923, German rocket pioneer 
Herman Oberth outlined the advan¬ 
tages of undertaking astronomical 
observations from beyond the Earth’s 
atmosphere, and in 1946, American 
astronomer Lyman Spitzer, under¬ 
took the first detailed studies for the 
design of a space telescope. 

Spitzer’s far sighted concept and 
vociferous support for a space tele¬ 
scope programme culminated in 1973 
with NASA and ESA agreeing to under¬ 
take collaboration in a project desig¬ 
nated "Large Space Telescope”. In the 
years that followed, cost restraints led 
NASA to scale down their initial pro¬ 
posal for a 3m diameter telescope to 
the present 2.4m, and in 1977 ESA 
reached a formal agreement to pro¬ 
ceed with the project entitled "Space 
Telescope”, later renamed “Hubble 
Space Telescope” (HST). 

The HST programme is as ambitious 
as it is exciting. Designed to be oper¬ 
ated as a remotely controlled interna¬ 
tional multi-purpose observatory it will 
look seven times deeper into space, 
view objects with 10 times sharper 
resolution and see objects 50 times 
fainter than those detected by the best 
Earth-based observatories. Through 
its “eye” the observable Universe will 
expand by 350 times. 

Systems 

Fully utilising Discovery’s payload 
bay, HST is cylindrical in shape and 
measures 13.3m long and is 4.3m 
wide. The spacecraft has a minimum 
design life of 15 years, made possible 



The Hubble Space Telescope Is deployed from the Space Shuttle Discovery using Its RMS. ESA 


By Neil Pattie 


by Shuttle servicing missions to re¬ 
place elements and undertake refur¬ 
bishment or repairs as necessary. Up 
to 90% of the spacecraft can be re¬ 
placed in-orbit. Of modular construc¬ 
tion it comprises three major systems: 

Support Systems Module (SSM) - 
containing housekeeping functions - 
pointing and attitude and orbital con¬ 
trol, communications, thermal con¬ 
trol, data management and batteries. 
On each side of the spacecraft is a 
flexible roll-out solar array which will 
provide electrical power. 

Optical Telescope Assembly (OTA) 
- contains a 2.4m diameter reflecting 
Cassegrain-type telescope employ¬ 
ing a Ritchey-Chretien folded optical 
system with a secondary mirror lo¬ 
cated inside the prime focus. The pri¬ 
mary mirror required over four million 
man hours of work and is configured 
to an accuracy of one fifty-thousandth 
of a millimetre. If the mirror was scaled 
to the size of the Earth, the largest 
mountain and deepest trough would 
measure no more than 13cm. 


Light entering the front of the tele¬ 
scope is projected from the primary 
mirror to the secondary mirror, then 
directed to the focal plane where the 
apertures of the instruments are lo¬ 
cated. 

Modular Scientific Instruments - 
HST carries five instruments, four of 
which are the size of a telephone 
booth, located in an axial module as¬ 
sembly protected by the spacecraft’s 
aft shroud. The fifth instrument, the 
Wide Field/Planetary Camera, is lo¬ 
cated in a radial bay, as are the space¬ 
craft’s three Fine Guidance Sensors 
used for pointing control and astrome¬ 
try measurements. The spacecraft’s 
pointing accuracy is expected to be 
0.007 arc sec, accurate enough for it 
to resolve two objects separated by as 
little as 0.1 arcsec - equivalent to dis¬ 
tinguishing two car headlights as dis¬ 
tinct from each other at a distance of 
4,000 kms. 

Instruments 

Faint Object Camera (FOC) - will de¬ 
tect visible and ultra-violet light from 
faint objects invisible from Earth. 
Capable of detecting individual pho¬ 
tons of light, the light source is re- 
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European Collaboration 


ESA Is playing a major role In the HST 
programme by providing the FOC, the 
Solar Arrays and manpower to sup¬ 
port science operations. 

The FOC, built by Domier (instrument 
prime contractor) and Matra, is one of 
the most sensitive and technologically 
demanding instruments aboard the 
spacecraft. At its heart is the Photon 
Detector Assembly (PDA) provided by 
British Aerospace Space Systems, Bris¬ 
tol. The PDA’s function is to detect, 
count and record the location of individ¬ 
ual photons of light to enable the FOC to 
construct composite images of the ob¬ 
ject under observation. Its sensitivity is 
such that it could detect the lumines¬ 
cence of a candle at the distance of the 
Moon (400,00 km) 

British Aerospace is also responsible 
for providing two pairs of double roll-out 
solar arrays. Each man-rated array wing 
supports two flexible blankets - provided 
by contractor Telefunken System Tech- 
nik - on which are mounted 24,380 back 
surface field reflector silicon cells 
(48,760 cells for both wings), providing 
5kW of electrical power at BOL, reduc¬ 
ing to 4.5kW after two years. 

During launch the arrays are rolled up 
and stored on 20 cm diameter drums. 
When deployed each array wing meas¬ 
ures 12m long and is 2.83m wide. The 
second pair of arrays will replace the 
first which will degrade over a nominal 
life of five years due to radiation and 


corded and electronically Intensified 
to produce a composite image of the 
object under observation. The FOC is 
likely to be used to view distant galax¬ 
ies, including those suspected of con¬ 
cealing black holes, variable bright¬ 
ness stars, extra-solar planets, etc. 

Faint Object Spectrograph (FOS) - 
will measure the chemical composi¬ 
tion of very faint objects and gather 
information on. the temperature, mo¬ 
tion and physical characteristics of 
faint objects. Covering spectra in the 
ultra-violet and visible wavelengths, 
the FOS is likely to provide valuable 
data on- quasars, comets and distant 
galaxies. 

High Speed Photometer (HSP) - will 
perform exact measurements of the 
intensity of light emitted by stellar 
objects and time rapid and minute 
variations in light. Measurements 
derived from HSP will help to refine the 
scale of the Milky Way and other 
nearby galaxies. T o date, distances of 
stars and galaxies beyond the Milky 
Way have not been accurately meas¬ 
ured - some galaxies may be twice or 
half as distant as we think 

High Resolution Spectrograph 
(HRS) - similar to the FOS but works in 
the ultra-violet portion of the spectrum 
with enhanced sensitivity and resolu¬ 
tion capabilities. Only in space is it 
possible to conduct ultra-violet as- 



Solar array being deployed on a water table at British Aerospace’s assembly hall at Britsol. BAa 


other processes which effect spacecraft 
in low Earth orbit Array replacement will 
be performed by astronauts with the tele¬ 
scope mounted on a maintenance plat¬ 
form inside the payload bay of a servic¬ 
ing Shuttle. 

In return for its investment/work- 


share, ESA has secured 15% of the total 
observing time for astronomers from 
ESA member states. Europe’s centre for 
co-ordinating observations will be at the 
headquarters of the European Southern 
Observatory at Garching, Federal Re¬ 
public of Germany 


tronomy; on Earth ultra-violet rays are 
filtered out by the atmosphere. HRS 
will explore the physical characteris¬ 
tics of exploding galaxies, gas clouds 
and matter emitted by stars. 

Wide Field/Planetary Camera (WF/ 
PC) - comprises two separate cam¬ 
eras in one housing, in the wide field 
mode it will photograph vast areas of 
space; its field of view will contain 
dozens or even hundreds of galaxies 
at distances of billions of light years. 
When operating in the planetary mode 
it will provide dear close-up pictures 

Path at light through the tekssunpa to the detectors. 


of planets, similar to those obtained 
during fly-by missions. Unlike the 
‘snapshot” glimpses afforded by 
spaceprobe missions such as Voy¬ 
ager, regular observation will enable 
astronomers to distinguish seasonal 
changes and monitor long-term natu¬ 
ral phenomena. 

Operations 

To deploy HST, the Shuttle will fly to 
an altitude of 590 kms, higher than on 
any previous civil mission. Twenty- 
four hours into the mission Discov- 
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nally to the STScI for analysis and 
archiving. Data will be disseminated 
from STScI and in many cases the 
astronomer need not even leave his 
host observatory as tapes will be sent 
direct from the Institute. 

Once fully operational HST will pro¬ 
vide unprecedented views of the heav¬ 
ens. Data from its instruments are set 
to have a profound effect on the astro¬ 
nomical community. Exotic objects 
such as black holes (suspected com¬ 
pressed stars with a gravity so power¬ 
ful that even light cannot escape) may 
be viewed lurking within distant galax¬ 
ies whilst quasars - compact stars pro¬ 
ducing intense radiation, too small or 
distant to be viewed from Earth, may 
be observed clearly for the first time. 

Capable of viewing objects up to 14 
billion light years distant, HST will act 
as a time machine looking back to a 
period close to the so called “Big 
Bang”, observations in the ultra-violet 
spectrum will enable “finger-print” 
chemical composition and tempera¬ 
ture analysis of materials which 
played a vital role in the creation of the 
Universe. 

At present, only the 20 nearest gal¬ 
axies have been studied in any detail: 
all contemporaries of our own Milky 
Way. HST will resolve more distant 


■a. ■ 

ery's RMS wiH insert HST into a circu¬ 
lar orbit with an inclination of 28.5°. 
Shortly after its deployment, the 
spacecraft’s two solar arrays will be 
unfurled to provide internal power, 
followed by antenna deployment to 
enable two-way communication and 
data flow. The spacecraft will then 
undergo a series of checkout cam¬ 
paigns, expected to last up to six 
months. NASA’s Marshall Space 
Flight Centre at Huntsville will control 
the spacecraft systems checkout, 
whilst NASA’s Goddard Spaceflight 
Centre at Greenbelt, Maryland, will 
verify performance of the spacecraft’s 
scientific instruments. 

The first pictures are expected dur¬ 
ing the six month checkout period. 
Once fully commissioned, day-to-day 
operations will be conducted from 
Goddard. The near-by Space Tele¬ 
scope Science Institute (STScI) in 
Baltimore will be responsible for its 
scientific use and will allocate time on 
the telescope, scheduling the various 
observations within a plan designed to 
optimise maximum use of the tele¬ 
scope without unnecessary repo¬ 
inting of the spacecraft. 

Scientific data from HST will flow via 
the Tracking and Data-Relay Satellite 
System (TRDSS) to Goddard and fi¬ 


galaxies at different stages of evolu¬ 
tion. Using the Universe as an “histori¬ 
cal archive", astronomers will observe 
different stages of stellar develop¬ 
ment. Data gathered will not only help 
us to understand how galaxies form 
and evolve but will enable astrono¬ 
mers to predict with greater confi¬ 
dence the fate of our own sun. 

Looking closer to home, HST will 
search for other planets: to-date our 
knowledge of planetary bodies is lim¬ 
ited to those in our own solar system. 
The search will involve looking for tiny 
tell tale oscillating motions in stellar 
positions which indicate the presence 
of planetary companions. The tele¬ 
scope’s resolution capabilities might 
even detect planetary disks. 

Perhaps the most exciting and en¬ 
dearing quality of the HST mission is 
that of the unknown. At this stage it 
remains impossible to predict what 
important discoveries it may make. 
For this reason many are already rank¬ 
ing its astronomical significance along 
side Galileo’s invention of the simple 
telescope 370 years ago. Such gran¬ 
diose claims may one day be justified 
but for the moment we must be patient 
as we make our first tentative steps 
into the new dawn of sub-arc second 
astronomy. 
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TOP LEFT: The STS-31 crew portrait. (Left to right) Charlie Bolden, Steve Hawley, Loren Shrrver, Bruce McCandess and Kathy Sullivan. 
The crew patch features the Hubble Space Telescope against a background of the Universe it will study. 


ABOVE: The Hubble Space Telescope undergoes final launch preparations at the Kennedy Space Center's Vertical Processing Facility. 
The 11.25 tonne telescope was moved from Lockheed's Sunnyvale facility to the Kennedy Space Center on October 4, 1989. It was powered 
up on October 28 and a 40-day functional test of its systems and instruments was conducted. HtAble was installed in Discovery's payload 
bay on March 29. NASA 
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RIGHT: The diagram illustrates some of the HST 
components that can be replaced in orbit 

Lockheed/NASA 
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Servicing the 


The Hubble Space Telescope is de¬ 
signed to be maintained and refur¬ 
bished in orbit Regular servicing 
missions by the Space Shuttle will 
ensure the telescope remains in 
operation for at least 15 years. 

“With a normal spacecraft you 
would launch it and get five to seven 
years science from it before it wore out 
and quit,” says Douglas Broome, 
Space Telescope Program Manager 
at NASA Headquarters. “In the case of 
Hubble if you did that you would throw 
away a fine mirror and optical system." 

NASA plans to maximise the life of 
the Hubble Space Telescope (HST) by 
a series of Space Shuttle servicing 
missions. Astronauts Bruce McCan- 
dless and Kathy Sullivan have spent 
hundreds of hours working with tele¬ 
scope mock-ups in water tanks to 
simulate weightlessness. They have 
rehearsed every conceivable repair or 
component replacement. 

“As a result a lot of modifications 
have been made in terms of hand¬ 
holds, grips and Indicators,” said 
Broome. 

NASA used the delay caused by the 
Challenger accident wisely. More 
components were redesigned for on- 
orbit repair and further improvements 
were made to the astronaut/space¬ 
craft interfaces. 

The result is a highly astronaut- 
friendly spacecraft. -The surface of 
Hubble has 225 feet of handrails and 
31 foot restraints for space walking 
astronauts. 

Some 70 items on the Hubble Space 
Telescope can be replaced in orbit. 
These items, called Orbital Replace¬ 
ment Units (ORUs)j include compo¬ 
nents in the guidance and control 
systems and in the command and data 
handling system, a computer, solar 
arrays and the scientific instruments. 

There are two kinds of Shuttle serv¬ 
icing mission. 

The first, known as a contingency 
mission, will be made if a failure threat¬ 
ens the life of the telescope. 

A contingency mission requires the 
approval of the NASA Administrator 
and can be staged within 12 months. 

The second, known as a routine mis¬ 
sion, will be made once every three 
years - the first, STS-38, is scheduled 
for June 1993. 

“The purpose of the routine mi?- 
sions is to replace equipment that is 
wearing out, failing or showing anoma¬ 
lous operations,” said Broome. “Tape 
recorders, for example: when they 
start to have higher bit error rates you 


Hubble 


Space Telescope 


:: 


Scientific Instrument Control and 

Data Handling 

Faint Object Camera 

Wide Field/Planetary Camera 

Data Interface Unit for Optical 

Telescope Assembly 

High Gain Antarva (2) 

Data Management Unit 
DF-224 Computer 
Fine Guidance Electronics 
Actuator Control Electronics 
Battery (6) 

Fixed Head Star Tracker (3) 

Rate Saraor Unit (3) 

Charge Currant Controller (3) 
Data Warface Unit for Support 
Systems Module 
Electrical Power Thermal Control 
Electronics 
P ower Control Unit 
Power Distribution Unit 
Fuses (14) 

Multiple Access Transponder (2) 
Single Access Transmitter (2) 
Faint Object Spectrograph 
Fine Guidance Sensor (3) 
Reaction Wheel Assembly (4) 
Solar Array (2) 

Low Gain Antvna 
Sun Sensor 
' Presently not ORUs 


164 


SPACEFLIGHT, Vol. 32, May 1990 











HUBBLE SPACE TELESCOPE 


Last Minute Hitch Delays Hubble Launch 

The Launch of the Hubble Space Telescope aboard the Space 
Shuttle Discovery was aborted within minutes of the planned 
lift-off on April 10. Launch controllers detected a problem 
with one of the Shuttle’s Auxiliary Power Units (APUs). 


know it Is time to replace them. 

“We know for example that the 
nickel hydrogen batteries and the so¬ 
lar arrays have an expected lifetime of 
five to six years. So we plan to go back 
in 1995/96 to replace the batteries and 
the arrays,” he said. 

NASA also plans to replace 
Hubble’s scientific Instruments with 
the next generation of instruments. 
The Wide Field/Planetary Camera 
(WF/PC) will be replaced In 1993 with 
WF/PC-2, essentially the same design 
as the original camera but advances In 
CCD technology will permit higher 
resolution imaging. 

The Near-Infrared Camera/Multi-ob- 
ject Spectrometer (NICMOS) will be in¬ 
stalled on the telescope in 1996. NICMOS 
will extend the telescope’s capabilities in 
the infrared region of the spectrum. An¬ 
other new instrument will be the Space 
Telescope Imaging Spectrograph 
(STIS), which will cover a larger portion 
of the ultraviolet and visible spectrum 
with higher sensitivity and resolution 
than the two original spectrographs. 

“We also plan to replace the Fine Guid¬ 
ance Sensors in. the 1995/6 period,” 
Broome said. “They are an electro-me¬ 
chanical device and like all electro-me¬ 
chanical devices they have a finite life 
time. We would expect to replace them 
with a new development probably using 
CCDs.” 

NASA is looking at the possibility of 
replacing WF/PC-2 with an advanced 
camera in the late 1990s. 

As new breakthroughs in technology 
are made they will be incorporated in the 
Hubble Space Telescope, said Broome. 
‘We know that in the mid-1990s there will 
be developments in tape recorders. We 
will go for tape recorders with bubble 
memories, more reliable devices than 
those we are currently using. 

A routine servicing mission begins with 
detailed planning and training on the 
ground, followed by rendezvous in space. 
The Shuttle crew manoeuvres to the tele¬ 
scope captures it and attaches it to the 
ring-like Flight Support System which 
holds the telescope steady, provides 
power and enables it to be rotated. There 
the telescope remains for several days 
while astronauts inspect it and exchange 
equipment. 

The replacement units are readily 
accessible behind doors in the telescope 
shroud. Ranging in size from a shoebox 
to a telephone booth, most of the items 
can be removed or installed with the aid 
of wrenches and screwdrivers. Other 
crew aids include portable lights and foot 
restraints and small platforms that give 
the astronaut a stable foot-hold. 

While attached to the Flight Support 
System, the repaired telescope under¬ 
goes a checkout by ground controllers. 

Spare Shuttle Orbital Maneuvering 
System fuel is then used to boost the tele¬ 
scope orbit as high as possible. Once 
again the RMS arm is used to deploy the 
telescope. The solar arrays and antenna 
are extended and the telescope is re¬ 
leased to resume operations. 


Before April 10 it seemed that noth¬ 
ing could stop the Hubble Space 
Telescope launch. Preparations for 
STS-31 were going so well the 
launch was brought forward two days 
from the original date of April 12. No 
serious technical problems had 
arisen and the weather was favour¬ 
able for a blast off at 08:47 EDT. 
However, soon after Shuttle pilot 
Charlie Bolden started the three 
APUs a problem was detected in the 
No.1 unit 


BY STEVEN YOUNG 

AT THE KENNEDY SPACE CENTER 

Cape Canaveral, Florida 


The APU turbine exceeded its nor¬ 
mal speed when excess hydrazine 
fuel entered the unit The speed of 
the APU was brought back under 
control by a back-up system. How¬ 
ever, launch rules prohibit lift-off 
without both primary and back-up 
systems in operation. Launch Direc¬ 
tor Bob Sieck asked the crew to re¬ 
cycle the APU but the problem reap¬ 
peared. The countdown was held at 
T-4 minutes and, after polling the 
Mission Management Team, Sieck 
had no alternative but to sen* the 
launch. The APUs are such a crucial 
piece of hardware that although the 
Shuttle can fly the mission with just 
one working unit, mission rules dic¬ 
tate that all three must be fully opera¬ 
tional for launch. 

As this issue of Spaceflight went 
to press, Shuttle managers were 
trying to determine if the malfunction 
was caused by the APU controller or 
a faulty valve in the APU . 

On April 11 NASA technicians en¬ 
tered the orbiter’s aft compartments 
and removed the 1516 APU control¬ 
ler. The controller was flown back to 
its supplier for detailed examination. 
A new controller was then installed. 

NASA officials are hoping the con¬ 
troller will be found at fault, other¬ 
wise, for the first time, they will have 
to replace the bulky APU at the 
launch pad. However, NASA be¬ 
lieves there is only a one chance in 


ten that the controller is responsible 
and preparations are underway to re¬ 
place the APU. 

The three APUs, located in the or¬ 
biter’s aft compartment, provide 
pressure for the hydraulic systems 
that move the Shuttle main engines 
during launch and the control sur¬ 
faces during landing. The APUs are 
started late in the countdown (at T - 5 
minutes) because they can only be 
operated for a short period of time. 

Hubble Complicates Problem 

Preparations for a second launch at¬ 
tempt are complicated by the deli¬ 
cate nature of the HST and the need 
to recharge the telescope’s batter¬ 
ies. 

The six batteries will have to power 
the telescope during the period fol¬ 
lowing disconnection from the or- 
biter power supply and the unfurling 
of the solar panels. Without power to 
the spacecraft heaters, some of the 
delicate components could be dam¬ 
aged by the intense cold of space. In 
particular, the 2.4m diameter pri¬ 
mary mirror could be seriously dam¬ 
aged if its support structure was al¬ 
lowed to cool and contract. 

HST programme managers were 
discussing two possibilities for re¬ 
charging the nickel-hydrogen batter¬ 
ies. The options were hooking up the 
batteries for charging in the payload 
bay or removing them for charging at 
another facility where the batteries 
can be maintained at the optimum 
temperature of 32°F. 

HST managers are also con¬ 
cerned about the possibility of con¬ 
taminating the telescope if the APU 
is replaced. They fear a hydrazine 
leak during the removal of the unit 
could damage the telescope. Also, 
once a new APU is installed, it will 
require a “Hot Fire’’ test that involves 
starting the unit HST managers are 
worried that exhaust from the test 
could reach the telescope in the pay- 
load bay. The possibility of removing 
the HST from the bay while the APU 
is replaced is under consideration. 

A launch before April 20 now 
seems unlikely. The STS-31 crew 
have returned to the Johnson Space 
Center for further simulations. 
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Two for Venus 


On the night of February 9-10, 1990, 
the Galileo spacecraft flew to within 
16 thousand kilometres of Venus In 
order to achieve the first of three 
planetary gravity assists designed 
to send It to Jupiter with an arrival 
date of December 7,1995. The speed 
change as a result of this flyby was 
2.2 km/s, an Increase of about 6%. 
The next two planetary gravity as¬ 
sists will come from Earth In De¬ 
cember of this year and again In 
December, 1992. Some scientific 
observations, Including Imaging, 
were performed at the encounter 
with Venus. Most of this material 
had to be stored on the spacecraft’s 
tape recorder, for playback In No¬ 
vember when the telecommunica¬ 
tions link will be more favourable. 

The navigational accuracy at Venus 
was excellent, with the spacecraft 
passing within about 5 km of its tar¬ 
geted point at closest approach to the 
planet, and the program of scientific 
observations was successful. Three 
images of the planet were returned to 
Earth prior to the playback this fall. The 
images of cloud-covered Venus were 
reminiscent of those taken by Mariner “ 
10 in 1974. A more detailed descrip¬ 
tion of the scientific program is given 
in “Galileo at Venus” in the March, 
1989 Spaceflight 

A minor anomaly occurred shortly 
after closest approach to the planet 
when the spacecraft’s camera contin¬ 
ued to shutter after the planned se¬ 
quence of images was completed. 
More than 750 unplanned shutter acti¬ 
vations took place at a rate of two per 
minute until flight controllers com¬ 
manded a halt. The problem was 
caused by an error in a ground-based 


These three images were taken by Galileo during 
the night ot February 12-13, 1990, at a range of ap¬ 
proximately 1.6 million km. All 81 of Galileo’s 
Venus images and other scientific data will be 
played back In November when the spacecraft Is 
close to Earth and higher data rates can be used. 
The two Images with higher contrast were taken 
through a violet filter (0.41 microns) and show 
high-level cloud patterns. Some changes during 
the two hours between the pictures are visible. The 
third Image, which shows only faint markings, was 
taken through an Infrared filter (1 micron) and 
reveals lower-level clouds. NASA/JPL 




By Dr W.l. McLaughlin 

Jet Propulsion Laboratory 

computer program which caused a 
transfer of code within the space¬ 
craft’s computer to occur slightly too 
early, erasing information required 
to turn off the shuttering of the cam¬ 
era. The error was subsequently cor¬ 
rected. 

One or two asteroid encounters 
will take place on the road to Jupiter, 
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Gfi August 10, 1390, ins Magellan spaoacraft win go into orbit about Venus in order to conduct a high- 
resolution, global survey of the planet's surface by means of a synthetic aperture radar. NASA/JPL 


depending on propellant margins. In 
October 1991, Galileo will pass within 
about 1000 km of the 15 km-diameter 
main-belt asteroid, Gaspra. An option is 
to fly by asteroid Ida, approximately 30 
km in diameter, at a range of 1000 km in 
August 1993. 

Galileo was launched October 18, 
1989 aboard the shuttle Atlantis. The 
project manager is William J. O’Neil, 
who replaced Richard J. Spehalski after 
successful completion of the encounter 
with Venus. 

The Magellan spacecraft was 
launched for Venus on May 4 of last 
year, but, due to its circuitous trajectory 
which winds around the Sun 1.6 times, 
the entry into orbit about the planet will 
not take place until August 10, 1990. The 
spacecraft will then be placed in a 3.15 
hr., highly elliptical orbit for the purpose 
of obtaining a high-resolution radar map 
of Venus. For 37.2 minutes of each orbit, 
while the spacecraft is in the lower-alti¬ 
tude portion of its elliptical path, the 
high-gain antenna of the synthetic-ap¬ 
erture radar system will point toward 
Venus in order to collect data. After each 
such mapping period, the spacecraft 
will tum toward Earth (the antenna is not 
articulated) and play the data back to 
antennas of the Deep Space Network. 
The mapping phase lasts for 243 days 
(after an in-orbit checkout phase) and 
will yield at least 70% coverage df Ve¬ 
nus at a resolution of 360m or better; the 
goal is 90% coverage. There may be an 
opportunity to obtain additional cover- 
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age and conduct special investiga¬ 
tions in an extended mission after the 
prime mapping phase. 

Dr. Ann Tavormina Is Chief of Mag¬ 
ellan’s Mission Planning Team 
(MPT), which is responsible for insur¬ 
ing that the sequence of activities 
which has been agreed upon - the 
mission design - is indeed carried out. 
We discussed the progress of the 
Magellan mission as reported below. 

The mission design is contained in 
a project document called “The Mis¬ 
sion Plan” and is developed prior to 
launch along with the spacecraft and 
the software for the ground system. 
(The Mission Plan is a feature of all 
JPL planetary missions.) The MPT 
keeps the Mission Plan current during 
flight operations and, in the process, 
feeds Magellan’s Mission and Se¬ 
quence Design Team (MSDT) as part 
of developing the periodic command 
loads that are sent to the spacecraft. 
See the April 1989 and August 1989 
editions of this column for a descrip¬ 
tion of how the MSDT goes about its 
tasks. Additional duties of the MPT 
include contingency planning to deal 
with anomalies that might occur dur¬ 
ing the mission and the formulation of 
constraints, e.g., “do not carry out a 
certain spacecraft activity outside of 
the main shift of the flight team”. 

This month a test will take place un¬ 
der conditions which rather closely 
simulate the mapping activities in 
orbit. For three days, the radar will be 
switched on, as appropriate, and the 
spacecraft will be turned to play the 
“data" back to Earth (with no target 
nearby, one is observing, in effect, a 
“stealth” planet). The primary objec¬ 
tive is to test the attitude-control sys¬ 
tem of the spacecraft as it turns the 
vehicle from one prescribed orienta¬ 
tion to another. The test will also allow 
verification of the thermal model as 
the spacecraft presents different as¬ 
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pects to the Sun, although the Ve¬ 
nusian thermal input will obviously not 
be present. It is interesting to note that 
the simulated orbital period for this 
test has to be eleven minutes longer 
than the real 3.15 hr. orbit because the 
solid rocket motor is still aboard - it will 
be used for insertion into orbit about 
Venus - and the consequent greater 
moment of inertia of the vehicle neces¬ 
sitates slower turns. 

On July 24 a small trajectory-correc¬ 
tion manoeuvre will be done, the last 
one prior to Venus-orbit-insertion 
(VOI). “VOI" and its relatives “MOI" for 
Mars missions and “JOI” for Galileo at 


Jupiter in 1995 are acronyms of an 
emotional tenor and importance al¬ 
most equivalent at JPL to the big “L” of 
launch. This one will be accomplished 
through an 85-second burn of the 
STAR 48 solid rocket motor on August 
10, starting at 9:31:34 AM PDT in 
spacecraft event time. Magellan will 
approach Venus over its north pole, 
and the insertion burn will take place 
while the spacecraft is behind the 
planet. After emergence from telemet¬ 
ric darkness and after an in-orbit 
checkout period of 22 days, Magellan 
will enter Into its responsibilities as an 
agent of scientific discovery. 


Parallel Processing 


For the past 20 years, I have owed a good chunk of my productive output to 
a personal form of time-division multiplexing. The practice of time-division 
multiplexing Is undertaken In communications engineering for the purpose 
of transmitting signals from several sources over a single channel. The 
basic Idea Is simpler than the name: transmit the signal from source one 
for a brief Interval of time, followed by the signal from source two for an 
Interval, etc. After each source has had Its moment of expression on the 
channel, begin again with source one. Thus, signals from several scientific 
and engineering sources are sent from an Interplanetary spacecraft to the 
antennas of the Deep Space Network using the single channel provided by 
the spacecraft’s radio system. 


My multiplexing requires simpler 
tools than those employed in telecom¬ 
munications: a television set, a prop¬ 
erly aligned chair, and either a pen and 
paper or a book. The technique is to 
sample the television program for 
about five seconds, then write (or 


read) for approximately the same in¬ 
terval, etc. How does it work? There is 
enough continuity in most television 
programming so that half of the Infor¬ 
mation is equivalent to the whole item. 
It’s a question of giving the “vast 
wasteland” the attention it deserves. 


Have patience; I will be gradually 
working my way back to the space¬ 
craft. But I owe you an answer to the 
question “why bother?” The answer is 
rather venal but quite pragmatic: my 
method deceives the psyche into 
thinking it is living a life of indolence 
while actually quite a bit of work is 
being done. Each year I write about 
50,000 words and read approximately 
25 books while in the mode of time- 
division multiplexing, and no one has 
seen more Clint Eastwood reruns than 
I. The problem is common. Boswell 
has given us a picture of the great 
Samuel Johnson (1709-1784) as one 
who continually struggled against 
indolence, among other problems, to 
produce his literary and scholarly 
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works. “A man may write at any time, if 
he will set himself doggedly to it” 
(March 1757). Johnson’s “doggedly" 
tells it all. 

A second factor, in addition to multi¬ 
plexing, that assists the process of 
“doing two things at once" is the fact 
that one of my activities - television 
watching - is visually oriented, while 
the other - reading or writing - uses 
another, more linguistic portion of the 
body’s data system. In his book, “What 
Do You Care What Other People 
TNnKT, Dr. Richard Feynman (1918- 
1988: see the May 1988 “Space at 
JPL” for a biographical remembrance) 
describes some personal experi¬ 
ments in mentally counting while read¬ 
ing out loud. He concludes that visual¬ 
izing the counting process is the best 
way to “separate" the two linguistic 
activities of counting and reading. On 
occasion, I have taken advantage of a 
much less ambitious version of this 
separation technique when I am short 
of linguistic short-term memory 
space. Carrying in mind the names of 
several items to be purchased at the 
grocery store can be eased if one or 
two of the items are transferred to the 
visual memory: either as a picture of 
the names or the objects they repre¬ 
sent. Try it. In typing this piece, my 
secretary, Sharon Maupin, added one 
of her techniques, a variety of data 
compression, for more efficient use of 
memory. A list of “bread, apples, toma¬ 
toes, and salt" would be compressed 
to “BATS”. Voyager had recourse to 
data compression for the encounters 
with Uranus (1986) and Neptune 
(1989) in order to return more images 
from the outer solar system. Another 
mnemonic scheme operates by modu¬ 
lating the “carrier wave” of verse with 
information: “Thirty days hath Sep¬ 
tember,...” 

These are minor achievements 
compared to the vast memory sys¬ 
tems developed in classical times and 
during the Renaissance. The ap¬ 
proach was to visualize the objects to 
be memorized and mentally store 
them in places in a well known scene; 
tuck the objects to be memorized in 
niches in a cathedral front or in furni¬ 
ture in one’s lodgings. They stick in 
place through the glue of associative 
memory. The objects can then be re¬ 
covered by mentally moving through 
the scene. In this way it was easy for 
the mnemonic expert to repeat a list of 
objects in reverse order, simply by 
running through the scene in reverse 
order. Frances Yates’s The Art of 
Memory (University of Chicago Press, 
1966) is a comprehensive source for 
the history of such memory systems. 

The above discussion shows that 
there are functional solutions to con¬ 
scious-level tasks in concurrent think¬ 
ing and in augmented data storage for 
humans. Concurrent processing is 


quite common in our neural system at 
lower levels; the brain is organized in 
a “massively parallel” fashion through 
its method of connecting neurons. 

Electronic neural networks, de¬ 
scribed in the June/July 1987 edition 
of this column, are patterned after 
some ideas about how the brain is 
structured. They are strong in areas 
where we are strong, such as pattern 
recognition, and weak in areas where 
we are weak, such as numerical com¬ 
putation. 

The Hypercube, a Caltech-JPL ver¬ 
sion of a concurrent computer, was 
described in the May 1987 issue, and 
this kind of machine is being investi¬ 
gated for its utility in generating com¬ 
mand loads for interplanetary space¬ 
craft. Current methods of generating 
such “sequences” (time-tagged se¬ 
quences of commands, placed in resi¬ 
dence in the onboard memory of the 
spacecraft) were reviewed in the Feb¬ 
ruary issue, and now the power of a 
large concurrent processor is being 
applied to see if it can ease the task of 
the ground-support system. Joan 
Horvath, John Zipse, and their col¬ 
leagues are utilizing the Mark III hy¬ 
percube and other concurrent ma¬ 
chines in this investigation. The Hy¬ 
percube is based on 68020 micropro¬ 
cessors: two are located at each node 
of this concurrent computer with one 
dedicated to message routing be¬ 
tween nodes and one to data process¬ 
ing. From 4 to 32 nodes have been 
employed for the present work. 

The keys to success in applying a 
concurrent processor of this type are 
load balancing between nodes and 
minimization of message traffic be¬ 
tween nodes. Under these conditions 
each node will have its fair share of 
work and will not be excessively 
slowed in that work by the need to wait 
for information from other nodes. With 
100% efficiency, an N-node Hyper¬ 
cube will be N times as capable as a 1- 
node device, which is the point of build¬ 
ing the concurrent machine. Many 
problems are "parallelizable”. An ex¬ 
ample from meteorology would be 
carving up the atmospheric region to 
be investigated into subregions and 
assigning one to each node. Internode 
messages would be sent for the pur¬ 
pose of updating boundary conditions 
between subregions. 

The work of Horvath and Zipse in at¬ 
tempting to speed up the process of 
providing sequences for spacecraft is 
concentrated in two areas: construct¬ 
ing the sequence of commands and 
then simulating the principal effects 
they will have upon the spacecraft, 
prior to permitting them to take control 
of the vehicle’s actions. The ground- 
system program SEQGEN (again, see 
the February issue) accepts high- 
level “profile activities" (PA) and ex¬ 
pands them into specific commands. 


SEQGEN subsequently checks the 
validity of the expanded product with 
respect to high-level constraints, e.g., 
not exceeding the available electrical 
power or not pointing a sensitive in¬ 
strument too close to the Sun, before 
sending the sequence on to a memory- 
allocation program (SEQTRAN) and 
then to the detailed simulator. 

Load balancing between nodes is 
achieved for the PA expansion func¬ 
tion by appropriately assigning PAs to 
nodes by complexity as well as by the 
number of PAs per node. The com¬ 
mands resulting from the expanded 
PAs on each node are sorted into 
proper time order, and an efficient 
parallel sorting routine has been de¬ 
vised to speed up this job. A study has 
been done to investigate the best 
method of mapping the commands 
from the expanded PAs onto Hyper¬ 
cube nodes for the purpose of check¬ 
ing constraints. In order to achieve 
good efficiencies, it is important to 
have the checking activity moving for¬ 
ward, in mission time, at nearly the 
same speed on each node. Special 
synchronization algorithms are being 
utilized by Horvath and Zipse for this 
purpose. 

It is desirable to simulate the effects 
of the sequence in detail before send¬ 
ing it to the spacecraft, even though 
checking of some constraints has 
been done by SEQGEN. For example, 
a simulation might accept as input the 
bit patterns generated by SEQTRAN 
and determine whether or not this in¬ 
formation would indeed result in the 
issuance, by the spacecraft’s com¬ 
puter, of the same sequence of com¬ 
mands that SEQGEN had previously 
developed. The distributed architec¬ 
tures of data systems for modern in¬ 
terplanetary spacecraft may be par¬ 
ticularly amendable to a concurrent- 
type simulation. Rather than identi¬ 
cally mimicking the onboard computer 
with one on the ground for simulation 
purposes, there are advantages to 
having a more powerful ground com¬ 
puter. The chief advantage is that it 
takes less time to perform the simula¬ 
tion task than for the spacecraft to exe¬ 
cute the sequence - hence all se¬ 
quences could potentially be simu¬ 
lated prior to sending them to the 
spacecraft. 

Digital computers and the informa¬ 
tion view of biological systems repre¬ 
sent characteristic technological 
themes of the second half of the Twen¬ 
tieth Century. Knowledge of either 
lends insights into the functions of the 
other and, in some cases, can stimu¬ 
late design. Parallel architectures - 
concurrent architectures - are utilized 
in biological systems and are coming 
on line as competition for sequential 
digital computers. However, strict 
concurrent thinking at the conscious 
level is very difficult for humans. (But 


168 


SPACEFLIGHT, Vol. 32, May 1990 








I have written a paper, “The Infinite 
Organism”, Interdisciplinary Science 
Reviews, June 1987, which requires a 
concurrent type of consciousness. 
Also, the theological concept of the 
trinity, three persons in one, may be 
the most extensively investigated 
form of concurrent consciousness.) 
Parallel machines are made up of lots 
of slow, cheap, redundant proces¬ 


sors, while sequential machines of 
similar power are typically nonredun- 
dant and expensive. 

I cannot point to the specific gene¬ 
sis of my personal time-division multi¬ 
plexing practice - one theory traces its 
roots to doing homework from college 
while helping my wife mind our four 
children - but the data-system view 
helps me to understand it better. I am 


grateful for Its benevolent effects and 
surprised at the insulation of the two 
subject matters that is possible. I ask 
you, pardner, how can I write about a 
technical topic like parallel processing 
while watching a western film and not 
mix the two? It does seem plumb near 
impossible, but I’ll draw on any varmint 
that says I cannot handle time-division 
multiplexing. 


Space Infrared Telescope Facility 


In this artist's conception, the SIRTF observatory is shown in high Earth orbit as it conducts its program ot astronomical observations in the infrared portion 
of the electromagnetic spectrum. NASA 


The Space Infrared Telescope Facility (SIRTF) Is planned to be the fourth In 
NASA’s series of “Great Observatories”. The Hubble Space Telescope and 
the Gamma Ray Observatory are scheduled for launch this year, while the 
Advanced X-Ray Astrophysics Facility has been approved and Is moving 
toward a 1997 launch. SIRTF has yet to be approved for a “new start”; It Is 
hoped that milestone will be achieved In Fiscal Year 1993. The operational 
lifetime of SIRTF Is planned to be five years or longer, and It will be placed 
at an altitude of 100,000 km In circular orbit in contrast to the other three 
Great Observatories which will all operate from low Earth orbit. 


SIRTF represents the third long- 
lived cryogenic telescope in space for 
NASA. The Infrared Astronomical 
Satellite (IRAS: see the February 
1984 edition of this column) con¬ 


ducted a survey of the whole sky in the 
infrared, and the Cosmic Background 
Explorer (COBE, a mission managed 
by NASA’s Goddard Space Flight 
Center) was launched in November 


1989 and is studying the infrared, 
submillimetre, and microwave back¬ 
ground over the entire sky. (The Euro¬ 
pean Space Agency’s Infrared Space 
Observatory (ISO) is scheduled for a 
1993 launch.) 

The infrared region of the electro¬ 
magnetic spectrum adjoins the visible 
region, which spans wavelengths from 
0.4 microns to 0.7 microns (a micron 
is one millionth of a meter and is com¬ 
monly employed as a unit of measure 
for infrared purposes). SIRTF will be 
sensitive in the range from 1.8 microns 
to 700 microns. “Room temperature" 
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objects (humans and most of Earth’s 
domain and many astrophysical ob¬ 
jects) emit much of their energy in the 
infrared, while hot stars, for example, 
do not. In particular, an uncooled infra¬ 
red telescope would be of little use be¬ 
cause it would be flooding itself with 
“unscientific" infrared photons, 
swamping the astrophysical signals. 
Consequently, cryogenic methods 
are utilized to cool detectors, optics 
and other key parts of an infrared tele¬ 
scope to sufficiently low tempera¬ 
tures, typically a few degrees above 
absolute zero, so that self radiation in 
the infrared is insignificant, or at least 
tolerable. 

The SIRTF Science Working Group, 
chaired by the Project Scientist, Dr. 
Michael Werner, has compiled a list of 
some of the important problems to 
which this telescope can be applied, 
and a summary is provided below. 

SIRTF will be able to investigate 
cosmological questions with a search 
for protogalaxies: galaxies experienc¬ 
ing the first generation of star forma¬ 
tion. The search for protogalaxies will 
be conducted at high galactic lati¬ 
tudes, i.e., well away from the "Milky 
Way” band of our galaxy (in order to be 
able to view the depths of the universe) 
and will utilize the spectral signature 
of distant galaxies to identify these in¬ 
habitants of the early universe. 

The all-sky survey conducted by 
IRAS revealed a class of ultralumi- 
nous infrared galaxies which may be 
involved in the formation of quasars, 
those faraway, powerful beacons of 
energy. The suggestion is that inter¬ 
acting galaxies from this class may 
produce, from their merger, quasars 
(see the December 1986 ‘Space at 
JPL"). SIRTF will search for quasars 
emerging from the clash of galaxies. 
Such objects would be quasar-like but 
with more infrared radiation than nor¬ 
mal, a remnant of the dusty cocoon 
which enveloped their birth. (Dust and 
gas, warmed by nearby stars, are a 
common source of infrared radiation in 
astrophysical settings.) Once poten¬ 
tial early quasars have been identi¬ 
fied, they will be observed spectro¬ 
scopically from SIRTF to determine 
their properties and evolutionary 
tracks. 

Star birth is a profitable area of in¬ 
vestigation in infrared astronomy 
because newly forming stars are sur¬ 
rounded by the envelope of dust and 
gas from which they formed, and, as in 
the case of the above galaxies, the 
emissions from this material are 
strong in the infrared. SIRTF will not 
only be able to study star formation in 
our galaxy but will also be able to in¬ 
vestigate stellar origins in nearby gal¬ 
axies. 

The elements hydrogen and helium 
were created in the Big Bang that 
began the universe some 10 to 20 


thousand million years ago. The heav¬ 
ier elements were mostly created as a 
result of later stellar processes, proc¬ 
esses that continue to operate to this 
day. Elements up to and including iron 
(atomic number 26, i.e., the number of 
protons in the nucleus is 26) are cre¬ 
ated as products of nuclear reactions 
that generate a star’s energy. Ele¬ 
ments with greater atomic numbers, 
such as cobalt (27) and nickel (28), are 
known to be created in cataclysmic 
events and, indeed, were observed 
spectroscopically as products of the 
recent (1987) supernova in the nearby 
Large Magellanic Cloud (see the Sep¬ 
tember 1988 edition of this column). 

SIRTF will be capable of spectro¬ 
scopically analyzing supernovae to a 
range of over 60 million light years. A 
light year is the distance which light 
travels, at approximately 300,000 km/ 
s in one year. It takes light about 8 min¬ 
utes to travel from Sun to Earth; so the 
Sun Is 8-light-minutes distant. A con¬ 
venient mnemonic for the number of 
seconds in one year is “approximately 
n x 10 7 ". Thus, a light year is almost 
10 13 km in length or, in more cumber¬ 
some language, “10 million million 
km”. (Incidentally, that it x 10’ mne¬ 
monic will enable you to stun and 
amaze your associates with your 
powers of mental arithmetic, e.g., the 
number of seconds elapsed sinc8 the 
formation of the Earth or since the birth 
of some historical figure. Use *3.14* 
for x and the result will be good to 
nearly three decimal places, or use “3* 
for a quicker calculation.) Statistics 
for the occurrence of supemovae indi¬ 
cate that a dozen or so of these explo¬ 
sive events may be accessible to 
SIRTF over its planned lifetime of five 
years. 

Another astrophysical task suited to 
the capabilities of SIRTF is observa¬ 
tion of the infrared and submillimeter 
radiation which permeates the uni¬ 
verse. This background radiation, 
thought to be a remnant of the Big 
Bang, is currently being studied by 
means of observations with COBE’s 
Diffuse Infrared Background Experi¬ 
ment (DIRBE). SIRTF will be able to 
assist in the analysis of this data by 
determining the amount contributed 
by discrete sources, such as stars and 
galaxies. 

A transition between the stellar uni¬ 
verse and the realm of planetary ob¬ 
jects is provided by the so-called 
“brown dwarfs". If an object has a mass 
of approximately 8% or less than that 
of the Sun, it will not be able to spark 
nuclear reactions in its core; it will be a 
failed star. Nevertheless, astronomi¬ 
cal objects ranging in mass from giant 
planets (Jupiter's mass is about 0.1% 
that of the Sun) up to the above limit 
will generate considerable infrared 
energy through gravitational contrac¬ 
tion. Observations suggest, in some 


cases, that there is a considerable 
amount of "missing mass” in the uni¬ 
verse: mass that produces accelera¬ 
tions in certain astronomical systems 
that cannot be explained by the visible 
matter in the systems. Some theorists 
have suggested brown dwarfs as a 
candidate for a significant component 
of the “missing mass”. SIRTF, with its 
great sensitivity, could search for 
brown dwarfs in the solar neighbour¬ 
hood and hence contribute to our 
knowledge of the global structure of 
the universe along with a deeper un¬ 
derstanding of the conditions of for¬ 
mation of stars and planets. 

The term “brown dwarfs” is packed 
with meaning and arises from a long- 
established astrophysical tradition. 
The surface temperature and the 
luminosity of a star are two of the most 
important parameters which deter¬ 
mine its state and evolutionary pros¬ 
pects. Luminosity is a manifestation of 
the energy production of a star and can 
be calculated if the apparent bright¬ 
ness (from Earth) and the distance of 
the star are known. Surface tempera¬ 
ture is correlated with stellar colour; 
red stars are cooler than yellow stars, 
and yellow stars are cooler than white 
stars. The Hertzprung-Russell (HR) 
diagram is a two-dimensional plot of 
sets of stars, each entered as a dot 
indicating its surface temperature and 
luminosity. The plot does not display a 
random distribution of dots (for most 
sets of stars of astrophysical interest) 
but rather exhibits clumps which can 
be interpreted astrophysically. 

The most celebrated association on 
the HR-diagram Is “the main se¬ 
quence”, a linear feature within which, 
parametrically, most stars spend 
youth and middle age. For example, 
the Bun condensed from the primor¬ 
dial solar nebula and moved onto the 
main sequence some five thousand 
million years ago and should remain in 
this comfortable region for a similar 
stretch of time into the future. As a star 
runs short of fuel for Its nuclear-energy 
processes, it may begin to migrate 
from the main sequence and, In many 
cases, it passes through “red giant” 
and “white dwarf* stages. The “giant" 
and “dwarf* labels imply large and 
small surface areas, respectively, 
and, hence, for a given temperature, 
correspondingly large and small lumi¬ 
nosities. That is, a “colour-size” label 
gives a rough indication of a star’s 
location on the HR-diagram and, con¬ 
sequently, some knowledge of its 
present state and past history. 

One of the most dramatic discover¬ 
ies of IRAS was the detection of disks 
of particulate matter encircling sev¬ 
eral nearby stars (see the January 
1985 edition of this column). It Is pos¬ 
sible that these disks represent a 
stage in the evolution of planetary 
systems, and SIRTF will be able to 
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extend the search for such objects as 
well as greatly improve our knowledge 
of their properties. 

This infrared observatory in space 
will also prove its value in the study of 
our solar system through infrared 
spectroscopy of comets, asteroids 
and planetary satellites. A particularly 
intriguing observational program is 
the search for a possible “Kuiper belt” 
of comets in the outer solar system in 
the region of the orbit of Neptune. 
Images taken at 100 microns could 
reveal these slowly moving faint ob¬ 
jects at the edge of the solar system. 

The above list of scientific investiga¬ 
tions has concentrated upon im¬ 
proved knowledge of several types of 
astronomical objects. State-of-the- 
art instruments such as SIRTF reveal 
new classes of objects and phenom¬ 
ena, and this process of discovery will 
be facilitated by deep surveys in each 
wavelength band available to the tele¬ 
scope. 

The three scientific instruments 
which feed upon the infrared photons 
collected by the telescope's optical 
system are capable of imaging, spec¬ 
troscopy, and photometry. The Infra¬ 
red Array Camera (IRAC) is being 
designed by a team led by Dr. Giovanni 
Fazio of the Smithsonian Astrophysi- 
cal Observatory. The Infrared Spec¬ 
trometer (IRS) and the Multiband 
Imaging Photometer for SIRTF 
(MIPS) are directed by Dr. James 
Houck of Cornel) University and 
George Rieke of the University of Ari¬ 
zona, respectively. It is anticipated 
that each instrument will operate for 
about one day at a time, being for this 
duration the exclusive receptor of in¬ 
frared signals directed to it by the 
movable tertiary mirror. (The primary 
mirror, somewhat less than one meter 
in diameter, is the collector of infrared 
photons, and the secondary mirror of 
this Cassegrain optical system directs 
the photons back through the central 
hole in the primary and thence onto the 
tertiary mirror.) 

SIRTF is not dramatically bigger 
than IRAS (its primary mirror has a 
diameter 50% greater), but it pos¬ 
sesses the advantage of flying with 
modern technology. Great progress 
has been made in infrared detector 
technology since IRAS, just as mod¬ 
ern charge-coupled devices (CCD) 
exceed the capabilities of photo¬ 
graphic film with regard to the detec¬ 
tion of visible light. SIRTF will fly arrays 
consisting of tens of thousands of 
these sensitive detectors compared to 
the 64 discrete devices located in the 
focal plane of IRAS. The plan is to have 
the sensitivity of SIRTF limited only by 
the natural background - cosmic emit¬ 
ters of Infrared radiation such as the 
zodiacal light and the glow from the 
Milky Way galaxy -over much of its 
wavelength range. 


The design of SIRTF presents sev¬ 
eral engineering challenges. Me¬ 
chanical devices must be carefully 
designed and tested if they are to 
operate reliably at very low, cryogenic 
temperatures, just a few degrees 
above absolute zero (who among us 
has not struggled with chilled ma¬ 
chines several hundred degrees 
warmer). The moving tertiary mirror 
has been mentioned; the secondary 
mirror also moves, “chopping” at sev¬ 
eral times per second. The chopping 
motion allows the telescope to view 


The design of SIRTF 
presents several engineering 
challenges. Mechanical 
devices must be carefully 
designed and tested if they 
are to operate reliably at very 
low, cryogenic temperatures, 
just a few degrees above 
absolute zero. 


the object of observation, perhaps a 
star, and an adjacent area of sky in 
rapid alternation so that background 
effects can be subtracted from the 
observation. In addition, some cryo¬ 
genic mechanisms will probably be 
required within the instruments them¬ 
selves. 

Another set of challenges is pro¬ 
vided by the need to attain very low 
temperatures at strategic places in the 
telescope and maintain these cryo¬ 
genic temperatures for five years. For 
example, the focal plane of the tele¬ 
scope must be less than 2°K while the 
optical surfaces should be about 4°K 
and the forebaffle of the telescope 
tube about 11°K. The basic means of 
achieving these low temperatures is 
accomplished by 4000 litres of super¬ 
fluid helium stored in a toroidal dewar 
which is wrapped around the optical 
train and instruments. The MIPS, 
which is planned to be sensitive to 
signals with a wavelength as long as 
700 microns, requires, as a result, 
temperatures as low as 0.1 °K. The 
superfluid helium has to be supple¬ 
mented by a special refrigeration 
device, a so-called Adiabatic Demag¬ 
netization Refrigerator, in order to 
achieve the desired cryogenic state 
for the MIPS. 

The lifetime of SIRTF can be no 
longer than the length of time It takes 
the stock of superfluid helium to boil 
away. Thus, every effort Is being made 
to minimize heat inputs to the dewar. 
For example, the straps by which the 
helium tank is suspended must be of 
low thermal conductivity, and heat 
produced by the solar panels of SIRTF 


(used to generate the 1000W of elec¬ 
trical energy needed to operate the 
various subsystems) must be kept, 
through insulation, from falling with 
full intensity on the telescope tube. A 
large area of the outside of this tube 
will be kept uncluttered with engineer¬ 
ing-support devices so that the skin 
can radiate its heat to deep space 
(recall how cold a clear winter night 
can be when, without a cover of clouds, 
the Earth radiates its warmth to 
space). 

The field-of-view of the telescope is 
seven minutes of arc, about one-quar¬ 
ter of the diameter of the full Moon. The 
field-of-view of the IRAS telescope 
was 60 minutes of arc - one degree - 
the larger span being necessary for 
the completion of an all-sky survey in 
a reasonable period of time. The 
telescope will be pointed to an accu¬ 
racy of better than 0.25 arc seconds 
and held steady during observations 
to within about 0.15 arc seconds. 
Placing SIRTF in high Earth orbit (see 
page 11 of the January 1990 Sky and 
Telescope) confers several benefits 
over the originally planned low Earth 
orbit, to have been achieved with a 
Shuttle launch. The heat load from the 
Earth on the cryogenic system is 
greatly reduced at the higher altitude, 
extending the lifetime of the facility. Of 
course, at 100,000 km the satellite 
cannot be resupplied with superfluid 
helium when the original supply has 
boiled off, as it could have been in the 
lower orbit. But the scientific effi¬ 
ciency should be about twice as great 
in high Earth orbit since frequent slews 
of the telescope are not required, as 
they are in lower orbit, to avoid point¬ 
ing the telescope too close to the warm 
Earth. In addition, the pointing-avoid¬ 
ance zones created by Sun and Earth 
(current designs forbid pointing the 
telescope within 80° of either of these 
bodies) vary only slowly as the satel¬ 
lite pursues its rather leisurely four- 
day orbit around the Earth. Conse¬ 
quently, the telescope can, in general, 
be pointed for many hours at a target 
before having to break off the obser¬ 
vation due to Sun or Earth constraints. 
In low Earth orbit with a period less 
than two hours, 15 minutes is about the 
upper limit for “stare" time. 

The SIRTF Project Manager is 
Richard J. Spehalskl of JPL, who 
served Project Galileo In that capacity 
until completion of the flyby of Venus; 
see “Two for Venus”, above. 

The astrophysical programs of 
NASA have been one of the glories of 
that agency, and SIRTF promises to 
continue this grand tradition of explo¬ 
ration and scientific understanding. 
Infrared investigations are particu¬ 
larly rewarding because, much of the 
time, they focus upon subjects which 
fall In the temperature range where our 
human Intuitions are well developed. 


SPACEFLIGHT, Vol. 32, May 1990 


171 









STS-35 PREVIEW 


Shuttle Poised for Astronomy Mission 



STS-35 crew portrait. (Left to right) Robert Parker, Guy Gardner, Ronald Parise, Vance Brand, Jeffrey Hoffman, John 'Mike' Lounge and Samuel Durrance 

which ended tragically with the loss ^ 
ond flight of the Astro payload has 

been cancelled due to a shortage ol ^ 

Astro-1/BBXRT payload pictured : 

Operations & Checkout Building shortly before K: ‘ » ^ jjEE* ; 
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will enter a 360 km circular orbit in¬ 
clined at 28.45 degrees. The mission 
is scheduled to last nine ddys and will 
conclude with a landing at Edwards 
Air Force Base in California. 

The Crew 

Columbia will carry the largest crew 
since the Challenger accident. The 
mission will be commanded by Vance 
Brand, who will be making his fourth 
space flight. Brand was commander 
on Shuttle missions STS-5 and STS 
41-B and command module pilot for 
the Apollo-Soyuz Test Project. Brand 
is one of NASA’s 
longest serving 
astronauts, hav¬ 
ing joined the 
agency in 1966. 

Columbia’s pilot is 
Guy S. Gardner. 

Gardner made his 
first space flight in 
1988 on the classi¬ 
fied Shuttle mis¬ 
sion STS-27. Be¬ 
fore the Chal¬ 
lenger accident 
Gardner was as¬ 
signed to STS 62- 
A, which was to 
have been the first 
Shuttle launch 
from Vandenberg 
Air Force Base. 

The three mis¬ 
sion specialists 
for this flight are 
John “Mike"" 

Lounge, Jeffrey 
Hoffman and 
Robert Parker. Lounge will be making 
his third Shuttle flight. He previously 
flew on STS 51-1 and STS-26. 
Hoffman was Mission Specialist on 
STS 51-D. During-the flight he and the 
late David Griggs performed the first 
unscheduled US space walk. During 
the three hour EVA the astronauts 
attached a 'fly swat’ to the end of the 
remote manipulator arm as part of an 
attempt to revive a satellite deployed 
earlier in the mission. Parker is mak¬ 
ing his second space flight. In Novem¬ 
ber 1983 he was a member of the STS- 
9 Spacelab crew. 

For the first time since the resump¬ 
tion of missions, two Payload Special¬ 
ists have been assigned to a Shuttle 
flight: Dr Samuel T. Durrance and Dr 
Ronald A. Parlse. Durrance is an 
associate research scientists in the 
Department of Physics and Astron¬ 
omy at the Johns Hopkins University 
and is project scientist for HUT. He 
has conducted planetary studies us¬ 
ing the International Ultraviolet Ex¬ 
plorer, the Pioneer Venus Orbiter and 
other instruments. Parise is manager 
of the Advance Astronomy Pro¬ 
grammes Section at Computer Sci¬ 
ences Corporation in Silver Springs, 


Maryland and is a member of the UIT 
research team. In addition to work in 
flight software development and mis¬ 
sion planing, Parise has studied cir- 
cumstellar material in binary star sys¬ 
tem, and observed stellar objects with 
the International Ultraviolet Explorer. 

Launch Preparations 

Following STS-32, Columbia was 
returned to the Kennedy Space Cen¬ 
ter from Edwards Air Force Base in 
late January. After landing on the 747 
carrier aircraft, the Shuttle was towed 
to the Orbiter Processing Facility 


(OPF) Bay 1. Once the Long Duration 
Exposure Facility had been removed 
from the payload bay, preparations for 
STS-35 could begin in earnest. 

The three main engines were re¬ 
moved for refurbishment and some 
minor tile damage repaired. Techni¬ 
cians also examined the humidity 
separator that had leaked during STS- 
32. The main engines were reinstalled 
by March 18. 

Following a thorough clean of the 
payload bay, the Astro-1 was inte¬ 
grated with the orbiter. The telescopes 
were installed in the payload bay on 
March 20. Astro-1 is the first major 
payload to be installed in the OPF 
since the Challenger accident. The 
majority of payloads are installed at 
the launch pad in a vertical position. 

Shortly after the installation of As- 
tro-1, the STS-35 flight crew visited 
the Cape for the routine Crew Equip¬ 
ment Interface Test. The test included 
an examination of the payload bay for 
any sharp edges that might snag a 
space suit if an EVA became neces¬ 
sary during the mission. 

Columbia was due to be transferred 
to the Vehicle Assembly Building on 
April 13. Roll out to launch pad 39A is 


scheduled for April 20. 

Payload 

The Astro-1/BBXRT payload is 
dedicated to exploring the Universe in 
the ultraviolet and X-ray radiation 
emitted from hot objects. When 
viewed in wavelengths beyond the 
visible spectral region, the Universe 
takes on a remarkably different ap¬ 
pearance, depending upon the tem¬ 
perature of the object observed. Ultra¬ 
violet and X-ray radiation carry Infor¬ 
mation about the structure and nature 
of intensely hot objects. Such radia¬ 
tion is filtered from 
ground-based ob¬ 
servatories by the 
Earth’s atmos¬ 
phere. 

Astro-1 consists 
of three ultraviolet 
experiments: the 
Hopkins Ultraviolet 
Telescope (HUT), 
the Ultraviolet Im¬ 
aging Telescope 
(UIT) and the Wis¬ 
consin Ultraviolet 
Photo-Polarimeter 
Experiment 
(WUPPE). In 1987 
the Broad Band X- 
Ray Telescope 
(BBXRT) was 
added to the mis¬ 
sion. HUT, UIT and 
WUPPE are 

mounted on the In¬ 
strument Pointing 
System (IPS) devel¬ 
oped by ESA and 
tested on Shuttle mission STS 51-F in 
1985. The IPS and its complement of 
three instruments will be mounted on 
two Spacelab pallets manufactured by 
British Aerospace. BBXRT is mounted 
on its own Two-Axis Pointing System 
(TAPS). The X-ray telescope will be 
anchored in a support structure that 
will be placed just behind the UV tele¬ 
scopes in the payload bay. A Space¬ 
lab ’Igloo’ provides a pressurised 
environment for parts of the Astro-1/ 
BBXRT control equipment. 

Each of the experiments has its own 
capabilities and objectives. HUT will 
obtain moderate resolution spectro¬ 
photometry of faint astronomical ob¬ 
jects in the far-UV. The extension of 
observations below the Lyman limit 
(940 Angstroms) will lead to signifi¬ 
cant discoveries in this astrophysi- 
cally-lmportant region. Observations 
of a variety of Solar System, galactic 
and extragalactic objects will be 
made, with emphasis on quasars and 
active galaxies. The measurements 
will be used to refine models of the na¬ 
ture of these objects and the physical 
conditions and processes which occur 
in them. 

UIT will obtain imagery of the hot 


ASTRO-1/BBXRT 

HOPKINS ULTRAVIOLET 
TELESCOPE (HUT) 


ULTRAVIOLET 
IMAGING 
TELESCOPE 
(UIT) 


WISCONSIN ULTRAVIOLET 
PHOTO-POLARIMETER 
EXPERIMENT (WUPPE) 



BROAD 
BAND X-RAY 
TELESCOPE 
(BTBXRT) 
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stellar component of the Universe, 
leading to studies of a wide range of 
current astrophysical problems'. UlT’s 
deep survey mode will reveal many 
new, exciting objects to be studied by 
the Hubble Space Telescope. In addi¬ 
tion, UIT targets of interest include 
massive main sequence stars in star 
clusters and galaxies where back¬ 
ground light from cooler stars makes 
it difficult by visible observation to dis¬ 
tinguish hotter objects, low-mass 
stars in advanced evolutionary 
stages, interstellar and circumgalac- 
tic gas and dust; and non-thermal 
sources driven by magnetic fields. 

WUPPE is designed to measure the 
polarization of light in the ultraviolet 
and represents the first extensive 
polarimetric investigation into this 
spectral region. By providing a spec- 
tro- and photo-poiarimetry capability 
in the ultraviolet region^it will gather 
much information on properties of in¬ 
terstellar dust and many non-thermal 
phenomena in the Universe. By meas¬ 
uring the degree of polarization 
WUPPE can also determine the ge¬ 
ometry of stars and the strengths of 
nearby magnetic fields. 

BBXRT will make the first high-qual¬ 
ity spectra of many X-ray sources dis¬ 
covered by earlier satellites. It can 
record fainter and more energetic 
objects than any yet studied. Though 
the telescope makes simple images, 
its primary goal is to measure the ra¬ 
dioactive elements such as iron, oxy¬ 
gen, silicon and calcium. Variation in 
the spectra will give information on the 
violent, high energy events such as 
matter being destroyed in the core of a 
galaxy or in stellar explosions. 

A primary target for the Astro-1/ 
BBXRT observatory will be 1 Supernova 
1987A, the result of the violent death 
of a massive starr The supernova 
appeared in the far southern sky on 
February 23, 1987. It was the bright¬ 
est Supernova seen since the year 
1604 and, at an estimated distance of 
160,000 light years from Earth, the 
nearest supernova since the advent of 
orbiting telescopes. 

Astro-1 /BBXRT will provide basic 
information on the continuing evolu¬ 
tion of the supernova and its interac¬ 
tion with surrounding space. The ob¬ 
servatory will obtain crucial data on 
the earliest stage of the supernova ex¬ 
plosion, which occurred before as¬ 
tronomers began observing it. It is an¬ 
ticipated that the Astro-1 instruments 
can determine the UV spectrum of the 
supernova at the time of the outburst. 

New Control Centers 

NASA’s Marshall Space Flight Cen¬ 
ter (MSFC) in Huntsville, Alabama, is 
responsible for the overall manage¬ 
ment of Astro-1. This is the fourth 
Spacelab mission developed and 
managed by MSFC. During the mis¬ 


Technidans examine the Astro-1 payload in the Operations & Checkout Building at the Kennedy Space 
Center. The canister to the left crt the tectvaciais is the Spacelab 'Igloo' containing payload control 
equipment. NASA 


sion, MSFC will direct science activi¬ 
ties from the new Payload Operations 
Control Center (POCC). Members of 
the mission management teams, 
along with the investigators who de¬ 
veloped the Astro-1 experiments, will 
monitor, plan and in most cases direct 
and control experiment operations. 
This will be the first NASA Shuttle 
mission to make full use of a payload 
control center away from Mission 
Control in Houston. In addition, 
BBXRT operations will be directed 
from a control centre at the Goddard 
Space Flight Center. Overall control of 
the mission remains at Mission Con¬ 
trol, Houston. 

Data from the orbiter will be relayed 
to Earth through the two Tracking and 
Data Relay Satellites (TDRS). 

Trash Compactor Tests 

An experimental Shuttle trash com¬ 
pactor will be flown on STS-35 for the 
first time. The compactor will become 
an important part of Shuttle equipment 
as NASA begins flying Extend Dura¬ 
tion Orbiter (EDO) flights (see p.155). 
Longer missions mean more trash to 
be stowed in the crew compartment, 
where space is already extremely lim¬ 
ited. 

The goal of the EDO Trash Com¬ 
pactor is to reduce the trash to a 
manageable volume for EDO mis¬ 
sions," said J.B. Thomas of the 
Johnson Space Center. "Each crew 
member generates about one-half 
cubic foot of trash per day." 

Current projections indicate that 56 
cubic feet of trash will be generated on 
the first EDO flight and those working 


on the trash compactor would like to re¬ 
duce that figure to 14 cubic feet. 

The 48-pound compactor fits in 
place of a middeck locker and is oper¬ 
ated manually. Trash is placed inside 
a polypropylene bag which, when full, 
is placed inside the chamber of the 
compactor. One bag holds volume 
equivalent to one^half cubic foot. A 
metal door is closed, securing the bag 
inside the chamber. A crew member 
then uses handles on either side of the 
compactor in a garden shear-type 
movement to engage gears which 
push a piston from the back of the 
chamber to the front, compressing the 
trash to a volume four times smaller. 
The piston compresses the trash, us¬ 
ing a force of about 60 pounds per 
square inch. 

After the piston is moved as far for¬ 
ward as it was designed to go, the crew 
member retracts it, opens the com¬ 
pactor door and pulls a strap to remove 
the bag from the chamber. The bag has 
a lid which houses a charcoal filter to 
retain odours, fluids and bacteria 

A one-way valve in the lid allows air 
out of the bag, relieving pressure dur¬ 
ing compaction. Next, the entire pack¬ 
age is placed inside the orbiter trash 
stowage compartment, located be¬ 
neath the middeck floor. 

The design has been tested and 
certified using a variety of items, in¬ 
cluding food, water, flight trash, plas¬ 
tic and metal food containers and tele¬ 
printer pages. 

The current shuttle rehydratable 
food package, which does not crush 
well in the compactor, is being rede¬ 
signed for EDO missions. 
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A Pyramid paperweight 
containing Canyon 
Diablo meteorite 


C Whole specimens 
from Canyon Diablo. 
Arizona 


B Display stand. 14 kt 
gold plated with solid 
walnut base 


D Polished slice from 
Canyon Diablo show¬ 
ing Graphite Nodules 


CANYON DIABLO 
The world's most famous 
meteorite fell in Arizona 
about 30.000 years ago 
leaving a mile-wide crater 
Whole specimens from 30 
grams to 1 5 kg are avail¬ 
able. plus polished slices 


HENBURY. AUSTRALIA 

Thirteen craters in a small 
area are the scars left by 
this intruder from space 
Collecting fragments from 
this area is now forbidden, 
and samples can only be 
obtained through reput¬ 
able dealers • 


IMILAC. CHILE 
.These unique and beauti¬ 
ful meteorites contain 
bright yellow crystals of 
Olivine These rare sam- 
ples^re occasionally avail¬ 
able sliced’and polished 


GIBEON. 

SOUTH AFRICA 
A beautiful and unusual 
meteorite shows a wonder- 
ful. fine octahedrite 
pattern when etched and 
is very .resistant to rust 
due to tight fitting crystals, 
lackof inclusionsand high 
nickel content • 

• 


MUNDRABILLA. 

WEST AUSTRALIA 

Discovered in 1966 on the 
Nullarbor Plain It has un¬ 
usual twists and hollows 
and its original, oxide 
surface is intact on this 
rare iron meteorite # 


from , the: 

cirmdcjh 


AUTHENTIC QUALITY METEORITES 

Armagh Planetarium-.now offer you a truly unique opportunity. To own a valuable 
collection of meteorites. Many are rare specimens previously only offered to museums. 
All have been well researched and studied" by laboratories around the world. • 
Begin your collection by ordering the well-illustrated Catalogue and Handbook of Meteorites. It 
is packed with valuable information guiding the collector through 
the different varieties of meteorite •— Irons, Stones, Stony-lrons, Tektites. 

The handbook costs just £1 25 and is refundable with your first order. Even if 
you do not buy a meteorite, the handbook is a mine of information for all 
astronomers and’geologists. • " . ». . 

* •. 

TO ORDER THIS CATALOGUE, COMPLETE THE COUPON ON THE RIGHT OR IF 
YOU DO NOT WISH TO CUT THIS PAGE YOU MAY PHOTOCOPY IT OR WRITE TO: 

ARMAGH PLANETARIUM, COLLEGE, HILL. ARMAGH, N. IRELAND BT61 9DB 
OR BY TELEPHONE 0861.52472?. FAX 0861 526187. 


GUARANTEE 
OF AUTHENTICITY 

We guarantee that all our meteor¬ 
ites are authentic and are exactly 
what we say they are. In fact, we 
provide a double your money back 
guarantee if you have a well-known 
authority, such as a university or 
museum, document and prove that 
the specimen you bought from us is 
not a meteorite. 


Please send .. copy/copies of this catalogue 


ATTENTION MUSEUMS 

We are pleased to offer, for the first time 
anywhere, unique museum quality speci¬ 
mens These larger one-of-a-kind meteor¬ 
ites from around the world are sold on a 
first-come first-served basis. Each is a 
prized possession, an excellent investment, 
for university, museum or the connoisseur 
collector. Order the catalogue and see the 
photographs of the actual specimens • . 


Telephone ... 
□ Via □ , 


I Amex ftick one) 


Exp. Date. 

OR O Cheque enclosed 
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SHUTTLE UPDATE 


Endeavour Construction Ahead of 
Schedule and Under Budget 


The construction of the new Space 
Shuttle orblter Endeavour has 
passed the half-way point The or¬ 
blter, also known as OV-105, Is 
being built to replace Challenger. 
Construction of Endeavour Is ap¬ 
proximately two months ahead of 
schedule and under budget. 

In August 1987 NASA gave Rockwell 
International authority to proceed with 
the $1.3 billion project to construct the 
new orbiter. In May 1989 the spacecraft 
was named Endeavour by US school chil¬ 
dren after the first ship commanded by 
James Cook, the 18th Century British 
explorer, navigator and astronomer. The 
Apollo 15 Command Module was also 
named Endeavour. 

When construction of Endeavour be¬ 
gan a mid-fuselage, aft-fuselage, wings, 
crew module, body flap, vertical stabi¬ 
liser and main landing gear doors were 
already available. The spare parts had 
been ordered by NASA in 1983 in case an 
existing orbiter was damaged. The 
availability of these components saved 
approximately two years of production 
time. 

More than 250 major subcontractors 
are involved in the OV-105 project. Final 
assembly, test and checkout of the ve- 


TOP: Overview ot Endeavour construction under 
way at Rockwell's orbiter assembly facility in 
Palmdale. 

BOTTOM: Application of Endeavour's vehicle 
insignia and installation of white insulation blan¬ 
kets continues at Palmdale. The blankets are one 
element of the orbiter's Thermal Protection 
System (TPS), which protects the vehicle from 
the extreme temperatures of reentry. Installation 
of Endeavour's TPS is approximately 60 per cent 
complete. Rockwell International 



The crew compartment of Endeavour is moved 
from its work position at Rockwell International's 
Downey facility in preparation for cabin leak rate 
testing. The crew compartment has now arrived 
a the orbiter assembly facility at Palmdale for 
integration with the forward-fuselage. 

Rockwell International 

hide is taking place at Rockwell Interna¬ 
tional’s Palmdale facility in California. 

Endeavour’s mid-fuselage, wings, 
lower forward fuselage and aft fuselage 
have been mated and installation of the 


thermal protect system insulation is ap¬ 
proximately 60 per cent complete. 

Complete wiring checkouts of the or¬ 
biter electrical systems have been con¬ 
ducted by a process developed by the 
Drive-In Theatre Maintenance Company 
(DITMCO). This group developed a sys¬ 
tem to automatically check the speaker 
system at drive-in theatres to save time 
locating wiring problems in speakers 
possibly destroyed after being left on car 
windows by forgetful film-goers. 

By the Autumn, mating of the remain¬ 
ing major structural components except 
the Orbital Maneuvering System (OMS) 
pods will be completed. Power-on sys¬ 
tems testing is scheduled to begin in July 

1990. Delivery of Endeavour to the Ken¬ 
nedy Space Center is scheduled for April 

1991. 

Endeavour will join its sister ships, 
Columbia, Discovery and Atlantis as an 
operational orbiter in February 1992 
when it blasts off on mission STS-52. 
Final preparations for this flight will take 
place at KSC’s Orbiter Processing Facil¬ 
ity. The OMS pods will arrive for the mis¬ 
sion in September 1991. 

Endeavour’s design incorporates the 
many modifications, upgrades and tech¬ 
nologies that have been added to the 
orbiter fleet over the past years. There 
are two distinct features in which Endeav¬ 
our will differ from the rest of the fleet. 
First, Endeavour will be installed with a 
drag chute to aid deceleration and reduce 
loads on the landing gear and brakes. The 
other orbiters will be equipped with drag 
chutes at a later date. The Second En¬ 
deavour is being built to accommodate in¬ 
stallation of an Extended Duration Or¬ 
biter kit that will enable it to remain in orbit 
for up to 28 days at a time. 


ENDEAVOUR CONSTRUCTION MILESTONES 


ACCOMPLISHED TO DATE: 

August 1987 Authority to proceed 
October 1967 Set up mid-fuselage in work station, Palmdale 
November 1987 Set up vertical stabilizer in work station, Palmdale 
February 1966 Receive wings/elevons at Palmdale from Grumman 

Corp. 

February 1968 Receive OMS pods at Palmdale from McDonnell 
Douglas Astronautics Company (MDAC) 

May 1968 Ship lower forward fuselage to Palmdale from 

Downey 

May 1966 Mate wings to mid-fuselage, Palmdale 

August 1966 Mate lower forward fuselage to mid-fuselage, 
Palmdale 

January 1989 Ship right-hand and left-hand OMS pods to MDAC 
from Palmdale for systems installation 
September 1989 Ship upper forward fuselage to Palmdale from 
Downey 

October 1989 Complete wiring checkout on mid-fuselage 
(DITMCO) 

October 1989 Ship payload bay doors to Palmdale from Rock¬ 


well’s North American Aircraft facility in Tulsa, Okla. 
November 1969 Complete wiring checkout on crew module 
(DITMCO) 

December 1969 Ship aft fuselage to Palmdale from Downey 

January 1990 Mate aft fuselage, Palmdale 

F ebruary 1990 Ship crew module to Palmdale from Downey 

March 1990 Mate crew module, Palmdale 

March 1990 Mate upper forward fuselage, Palmdale 

UPCOMING EVENTS: 

July 1990 Ship forward reaction control system (RCS) mod¬ 

ule to Palmdale from Downey 
July 1990 Begin power-on systems testing 

October 1990 Complete mating of all major structural components 

except OMS pods 

February 1991 Complete fired acceptance test, Palmdale 

April 1991 Vehicle rollout from Palmdale for shipment to KSC, 

Florida 

September 1991 Deliver OMS pods to KSC from Palmdale 
February 1992 First flight (STS-52) 
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Palapa Returns to Orbit 

Salvaged Satellite Re-Launched 



Palapa B-2R blasts-off atop a McDonnell Douglas Delta II launch vehicle at 18:28 EOT on April 13. 


The Indonesian Palapa B-2R satel¬ 
lite returned to orbit after launch 
from Cape Canaveral Air Force Sta¬ 
tion on a McDonnell Douglas Delta 
II. The satellite was originally 
launched by the Space Shuttle In 
February 1984. However, a faulty 
upper stage stranded Palapa In the 
wrong orbit. The spacecraft was 
later retrieved and returned to Earth 
by the Shuttle and sold back to Its 
original owner. 

The second launch of Palapa B-2R 
took place at 18:28 EDT on April 13 at 
the start of a two hour 14 minute launch 
window. The fiery blast off scorched 
the launch umbilical tower from top to 
bottom. The Delta arched back over 
the Atlantic creating a spectacular 
halo effect as it passed through sev¬ 
eral layers of thin cloud. Separation of 
the first set of strap-on motors and 
ignition of the second set was clearly 
visible from the ground. All three 
stages of the Delta II operated per¬ 
fectly. Approximately 26 minutes after 
blast-off Palapa was injected into a 
100 x 20,398 nautical mile orbit. The 
satellite was then placed into geosta¬ 
tionary orbit by a Thiokol Star 30 apo¬ 
gee motor. 

Palapa B-2R 

Palapa B-2R was designed and built 
by the Hughes Aircraft Company. The 
satellite is one of the company’s 
proven HS-376 spin-stabilised space¬ 
craft of which 28 are now in active 
service. The satellite carries 24 trans¬ 
ponders each ..capable of carrying 
1000 one-way voice circuits or a col¬ 
our television transmission. It is also 
equipped with six back-up transpon¬ 
ders. 

Palapa B-2R has a diameter of 
seven feet one inch and, with the six 
foot wide antenna erected and the 
outer solar panel extended, the space¬ 
craft is 22 feet ten inches high. It 
weighs 1,437 pounds at the beginning 
of its eight year lifetime. The satellite 
is controlled by four thrusters using 
hydrazine propellant. Two solar pan¬ 
els generate 1,062 Watts of electrical 
power at the beginning of life in orbit. 
Two nickel-cadmium batteries pro¬ 
vide power when the spacecraft 
passes through the Earth’s shadow. 

The word “Palapa” connotes Indo¬ 
nesian national unity. The 13,677 is¬ 
lands that make up Indonesia stretch 
for 3,400 miles along the equator. 
Satellites have proven to be an eco¬ 
nomical way to hurdle the country’s 
geographic barriers including impass¬ 
able mountain ranges and vast areas 


of water. * 

The Palapa satellites also provide 
internal communications services 
within the Philippines, Thailand, Ma¬ 
laysia, Singapore and Papua New 
Guinea. 


The Palapa satellites are operated 
by PERUMTEL (Perum Telekomu- 
nikasi) based in West Java. 

Back In Orbit 

Palapa B-2R and Westar VI were 
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originally launched by the Space 
Shuttle in February 1984 but faulty 
PAM-D perigee motors left the space¬ 
craft stranded in low earth orbits. The 
satellites became the property of the 
insurance underwriters. The insurers 
decided to try to recoup their loss by fi¬ 
nancing a mission to salvage 
the satellites. 

NASA and Hughes de¬ 
signed and manufactured 
equipment for the recovery in 
less than seven months. The 
orbits of the two satellites 
were circularised at about 
1,100 km and then over 320 
thruster firings brought the 
satellites within in reach of 
the Shuttle at an altitude of 
362 km. In November 1984 
astronauts Dale Gardner and 
Joe Allen retrieved the satel¬ 
lites during a daring space- 
walk. The satellites were re¬ 
turned to Earth on November 
16. The insurers sold Palapa 
to its original owners. The 
Westar VI satellite was sold to 
the Asiasat consortium. Both 
satellites were re-launched 
within a week on each other. 

Asiasat 1 blasted off on a Chi¬ 
nese Long March 3 on April 7 
(see Spaceflight, May 1990, 
p.156). 

Palapa B-2R joins two sis¬ 
ter satellites alrfeady in orbit. 

The first Palapa B was 
launched by the Space 
Shuttle in June 1984. The two 
original Palapa A satellites 
were launched in 1976 and 
1977. 

Delta 6925 

The Delta 6925 vehicle, the 
194th in the Delta series, was 
equipped with nine Castor 
IVA strap-on solid rocket motors. This 
particular configuration is capable of 
lifting 3,190 kg into geostationary 
transfer orbit. Six of the 11.2 metre 
long motors are ignited at launch to 
supplement the thrust of the RS-27 
first stage engine. 61.5 to 62.5 sec¬ 
onds into the flight the six motors burn 
out and are jettisoned. The remaining 
three Castor IVA strap-ons then ig¬ 
nite. They separate at T+122 seconds 
and splashdown 133 nautical miles 
downrange in the Atlantic. The first 
stage engine shuts down 264.6 sec¬ 
onds into flight and separates. Second 
stage ignition occurs approximately 
14 seconds later. Outside the dense 
layers of the atmosphere the payload 
fairing is no longer required. The fair¬ 
ing is jettisoned at T+303.5 seconds at 
an altitude of 68.1 nautical miles. 

The second stage burns for 370 
seconds before shutting down. The 
Delta then coasts for 575 seconds, in 
a 86 x 108 nautical mile orbit, before 


restarting the second stage as it 
passes near the west coast of Africa. 
The second bum, lasting 49 seconds, 
places the satellite in a 99 x 736 nauti¬ 
cal mile orbit. The second stage sepa¬ 
rates from the spacecraft at T+1,325 
seconds. 


Thirty seven seconds after space¬ 
craft separation, the third stage PAM- 
D solid propellant motor is ignited, 
placing the satellite into Geostation¬ 
ary Transfer Orbit. Including the Pal¬ 
apa launch, the PAM-D motor has 
operated successfully 41 times and 
only failed twice. 

Delta 7925 

The second version of the Delta II - 
the 7925 - will add new solid rocket 
boosters with a motor case made of 
graphite epoxy, a composite material 
that is lighter than steel, yet just as 
strong. These new graphite epoxy 
motors will be six feet longer than the 
steel cases they replace, adding more 
lift capability to the Delta. Also the 
main engine nozzle on the first stage 
will be enlarged from an ‘expansion 
ratio’ of 8:1 to 12:1. 

The 6925 model, known as the in¬ 
terim Delta II, is capable of lifting 1,447 
kg to GTO, while the new version will 


lift more than 1,800 kg to that orbit. 

Delta’s Commercial Success 

McDonnell Douglas can launch up to 
12 Delta II vehicles per year. The 
company anticipates that three to five 
of those yearly launches will be for 
commercial customers. 

McDonnell Douglas has 
received ten firm orders 
worth approximately $450 
million for commercial 
launches up to 1991. 

On July 15, 1987, MDAC 
was selected to launch two 
direct broadcasting system 
satellites built by Hughes 
for British Satellite Broad¬ 
casting Ltd. The first launch 
took place on August 27, 
1989 on a Delta rocket and 
the second launch is sched¬ 
uled for 1990 on a Delta II. 

On August 1, 1987, the 
government of India signed 
a contract for McDonnell 
Douglas to launch INSAT- 
1D using the old configura¬ 
tion Delta in the second 
quarter of 1989. The launch 
was set for July last year but 
had to be postponed when a 
crane fell on the satellite 
during launch prepara¬ 
tions. The satellite had to be 
returned to Ford Aero¬ 
space, its manufacturers, 
for repairs. The launch is 
now scheduled for later this 
year. 

On August 12, 1987, 
McDonnell Douglas an¬ 
nounced it had signed a con¬ 
tract to launch a satellite in 
the fourth quarter of 1990 
for INMARSAT on the Delta 
II. On May 19, 1988, a sec¬ 
ond launch agreement was 
announced covering a launch in early 
1991. 

On September 7, 1988, a contract 
was signed to launch a NATO IV satel¬ 
lite in the fourth quarter of 1990. 

In January 1989 GE American 
Communications Inc. selected 
McDonnell Douglas to launch its Sat- 
com C-5 satellite. This contract calls 
for a launch in May 1991. 

On September 6, 1989, a contract 
was signed with Conte! ASC to launch 
its second communications satellite, 
ASC-2. The launch is scheduled for 
the first quarter of 1991. 

in addition to its commercial con¬ 
tracts, McDonnell Douglas won the 
$316.5 million US Air Force medium lift 
launch vehicle contract for seven 
Delta Its. In 1988 the Air Force exer¬ 
cised an option for 13 more launches, 
worth $669 million for the company. 

The next Delta launch is scheduled 
for May 31, carrying the ROSAT obser¬ 
vatory. 


DELTA II (6925) 
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Columbia Faces 2-3 Week Launch Delay 

Repairs Required at the Launch Pad 


The launch date for Columbia and the Astro-1 observatory has been 
delayed by up to three weeks after a faulty valve was discovered in 
the orbiter’s cooling system. The nine day STS-35 mission will study 
the Universe in the ultraviolet and X-ray wavelengths. The crew of 
seven - the largest since the Challenger accident - are Commander 
Vance Brand, Pilot Guy Gardner, Mission Specialists Mike Lounge, 
Jeff Hoffman and Bob Parker, and Payload Specialists Ron Parise 
and Sam Durrance. 


NASA says the launch of Columbia 
will be delayed two to three weeks due 
to a problem with the orbiter’s cooling 
system. Just over a week before the 
planned lift-off technicians noted a 
sudden drop in the flow of coolant 
through one of the Shuttle's two Freon 
loops. The problem was tracked down 
to a valve located beneath the forward 
payload bay. NASA mission managers 
met for the Flight Readiness Review 
on May 8/9 and decided to repair the 
system at the launch pad rather than 
return the Shuttle to the Orbiter Proc¬ 
essing Facility. The Freon system 
removes heat from the orbiter avion¬ 
ics bays, cabin windows and other 
compartments and dissipates it 
through radiators located on the pay- 
load bay doors. The Freon loops have 
always proved to be a difficult system 
to work with. It is for this reason that 
NASA will not set a firm launch date 
until the repair work is complete. 

The launch of STS-35 was originally 
scheduled for May 9. The nighttime 


lift-off was first postponed until May 17 
when launch preparations fell behind 

Rollout to launch Pad 39A had been 
scheduled for April 16 but a series of 
problems delayed the operation until 
April 22. Columbia’s roll over from the 
Orbiter Processing Facility (OPF) to 
the Vehicle Assembly Building (VAB) 
was delayed three days until April 16 
after technicians noticed a hydraulic 
leak. 

BBXRT Servicing 

Before leaving the OPF the Broad 
Band X-Ray Telescope (BBXRT) was 
serviced with solidified argon. The 
telescope’s sensitive segmented lith¬ 
ium-drifted silicon solid-state detec¬ 
tors require constant cooling by the 
cryogenic argon. Solidified argon 
gives the telescope 16 days of cooling 
and liquid Argon provides 12 days. 
BBXRT would require a more argon by 
the morning of April 27. Columbia’s 
payload bay doors must be opened to 
replenish the BBXRT argon supply so 


it was imperative to move the Shuttle 
to the launch pad as quickly as pos¬ 
sible where the doors could be opened 
again. Columbia arrived at launch pad 
39A on April 22. BBXRT was serviced 
with liquid argon the following day. 

The liquid argon was due to be re¬ 
plenished on April 28 and May 8. Serv¬ 
icing will continue during the delay. 
The final servicing before launch use 
solidified argon to provide 16 days of 
cooling. 

Because each servicing requires 
the payload bay to be opened briefly - 
with the possibility of contaminating 
the payload - the Spacelab pallet will 
be cleaned about four days before 
launch. A contamination inspection is 
also scheduled shortly before flight. 


Shift Operations 

During the mission the astronauts will 
work two shifts to continue Astro obser¬ 
vations 24 hours a day. The crew has been 
divided into two teams. The Blue Shift 
consists of Jeff Hoffman, Sam Durrance 
and Mike Lounge, who will act as pilot. 
Guy Gardner, Bob Parker and Ron Parise 
make up the Red Shift. Commander 
Brand can chose either shift. 

The mission will have a duration of 8 
days, 19 hours 56 minutes and will con¬ 
clude with a landing at Edwards Air Force 
Base. 

A full preview of STS-35 appeared in 
Spaceflight, May 1990, p.172-174. 


Shuttle Transporter Crawls to its First 1,000 Miles 


The rollout of STS-35 was a historic 
event for the Kennedy Space Cen¬ 
ter’s Crawler Transporter No.2. The 
2.7 million kg vehicle passed Its 
thousandth mile approximately .8 
of a mile from the VAB. Columbia 
began the 5.5 km trek to launch pad 
39A at 07:48 EDT on April 22. 

As the transporter reached the 
1,000 mile point, it slowed to a stop and 
a short ceremony was held by the 
crawlerway. Among the guests of 
honour was Donald D. Buchanan, the 
man charged with transforming the 
crawler transporter concept into real¬ 
ity. He received a plaque to commemo¬ 
rate the occasion. “[Back in the early 
1960s] no one dreamed something 
that moved so slow would ever reach 
1,000 miles," Buchanan said. 

In 1963 the Marion Power Shovel 
Company was awarded the contract to 
build the two crawler transporters. 
When built, the transporters dwarfed 
the self-propelled, strip-mining shov¬ 
els after which they were patterned. 


The transporters were assembled in 
1965-66. The cost of both transporters 
was under $15 million. 

The transporters are powered by 
two 2,750 horsepower diesel engines 
which drive four 1,000 kiloWatt gen¬ 
erators. Additionally, two 1,065 horse¬ 
power diesel engines drive two 750 
kiloWatt generators providing power 
to the levelling, jacking, steering, light¬ 
ing and other onboard system. There 
are 16 traction motors, four on each 
truck, rated at either 187 or 375 horse¬ 
power each. The transporter carries 
5,000 gallons of diesel fuel on board 
and burns about 160 gallons per mile. 
The top speed of the transporter un¬ 
loaded is two miles per hour. Moving a 
Space Shuttle to the pad it averages 
less than one mile per hour. 

The 130 foot-wide crawlerway was 
initially constructed by the Army Corps 
of Engineers with an asphalt top sur¬ 
face. However, due to the weight of the 
transporters and the space vehicles it 
carried, the road way was soon torn- 


up and had to be replaced with a more 
durable surface. Studies eventually 
proved a smooth river rock would give 
the transporter the traction it need to 
round the curves without marring or 
sticking to the shoes. The crawlerway 
is now built in three layers with an 
average depth of seven feet. 

NASA expects the crawlers to con¬ 
tinue their traditions of service well 
into the next century. Ironically the 
crawlers, which perform such a vital 
task carrying spacecraft that repre¬ 
sent the very latest technological 
achievements, are eligible for the 
Florida’s antique automobile tag. 

The STS-35 rollout also marked the 
second time two Shuttles were on the 
KSC launch pads at once. As Colum¬ 
bia arrived at pad A, preparations for 
the launch of Discovery from pad B 
were reaching a conclusion. The last 
time two Shuttles were on the launch 
pad was December 1985 when Colum¬ 
bia and the ill fated Challenger were 
being readied for launch. 
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me Payload Operations Control Center at the Marshall Space Flight Center. Astro-1 payload operations will be controlled from this room NASA 

Columbia approaches launch pad 39A as preparatons for the launch of Discovery on STS-31 draw to a close on launch pad 39B in the background. 
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The STS-35 crew will attempt to 
communicate with the Mir space 
station using amateur radio. Pay- 
load Specialist Ron Parlse told a 
press conference. The astronauts 
will attempt to contact the two So¬ 
viet cosmonauts during the nine- 
day Astro-1 mission, now sched¬ 
uled for May 16. 

Ron Parise will use the Shuttle Ama¬ 
teur l^adio Experiment (SAREX-II), 
which is being carried aboard the 
Shuttle for the first time. Parise is a 
licensed operator with the call sign 
WA4SIR. The main purpose of the 
SAREX equipment is to communicate 
with amateur radio stations on the 
ground in line of sight of the Shuttle. It 
can also be used to radio other space¬ 
craft with similar equipment if the or¬ 
bits coincide. 

Columbia will have to be within 
4,000 km of Mir for the two crews to 
communicate. Contact with the Sovi¬ 
ets will be of particular significance for 
Commander Vance Brand the com¬ 
mand module pilot for the Apollo- 
Soyuz Test Project. This July will be 
the 15th anniversary of the historic 
mission. Brand said his Russian was a 
little rusty but was sure he could man¬ 
age a conversation with the cosmo¬ 
nauts. 

NASA’s Office of International Af¬ 
fairs was informed of the possibility of 
a link-up with Mir, Ron Parise told 
Spaceflight. “They were very enthu¬ 
siastic about it and asked the Ameri¬ 
can Radio Relay League and AMSAT, 
who are sponsoring the SAREX II 
payload, to go-ahead and make the 
contacts in the Soviet Union to arrange 
it. They contacted the Radio Sport 
federation in the Soviet Union and 
started planning with them how we 
could bring this off. The Soviets then 
contacted their official organisations 
and they got an enthusiastic re¬ 
sponse. I think everybody is very ex¬ 
cited by it," Parise said. 

Because of Mir’s changing orbit and 
the Shuttle’s uncertain launch time it 
was impossible to tell when - and if - 
Mir and Columbia’s orbits would coin¬ 
cide for the radio link. 

“We will have to play it in real time 
but I think we have a really good 
chance of being able to do it,” Parise 
told Spaceflight. 

STS-35 will be the third time ama¬ 
teur radio has been used on the 
Shuttle. Mission Specialist Owen Gar- 
riot logged more than 300 calls during 
the nine-day STS-9 mission in 1983. 
Two years later astronaut Tony Eng¬ 
land carried amateur radio equipment 
on STS 51-F, including a system for 
transmitting and receiving slow-scan 
TV, 


The SAREX-II payload consists of a 
low-power hand-held FM transceiver, 
a spare battery set, an interface (l/F) 
module, a lap-top computer, headset, 
personal tape recorder and a packet 
module. The equipment’s antenna will 
be mounted on one of the orbiter’s win¬ 
dows. 

Packet is a digital transmission 
technique becoming increasingly 
popular with amateur radio operators. 
Because of system’s high capacity 
and the fact SAREX-II can operate 
unattended, it is estimated that more 
amateur stations will be contacted 
than the total contacts in both of the 
previous missions. With an astronaut 


The STS-35 Space Classroom project 
is called ‘Assignment; The Stars. NASA 
says it is designed to spark the interest of 
middle school student, encouraging them 
to pursue studies of mathematics, sci¬ 
ence and technology. 

The lesson, conducted by Ron Parise 
and Bob Parker, has been tentatively 
scheduled for the fifth day at the crew shift 
handover. The half hour presentation will 
focus on the electromagnetic spectrum 
and its relationship to the high-energy 
astronomy mission. The lesson will be 
followed by demonstrations and discus- 


present the equipment can be oper¬ 
ated in the attended mode for voice 
communications and in either the at¬ 
tended or automatic mode for data 
communications from the lap-top 
computer. 

SAREX-II will fly in a different con¬ 
figuration on STS-37 in November. 
Pilot Ken Cameron will operate the 
equipment during the mission. The 
new configuration will, for the first 
time, allow transmission of broadcast- 
standard television to the Space 
Shuttle. Amateur radio operators 
hope to use the system to carry live 
video from the crew members families 
to the orbiter. 


sions of the concepts introduced by the 
crew from a class room at the Astro-1 con¬ 
trol centre at Marshall Space Right Cen¬ 
ter. The lesson will conclude with an 
opportunity for about 45 students at the 
Marshall and Goddard Payload Opera¬ 
tion Control Centers to question Sam 
Durrance and Jeff Hoffman in orbit. 

In addition to the main presentation a 
series of ‘mini-lessons’ will be given a 
various time during the mission. The les¬ 
sons will cover Shuttle operations and 
different aspects of the Astro-1 science 
mission. 


Columbia to Become Space Classroom 

“Space Classroom,” a new NASA educational project, will be carried out during 
STS-35. It will be the first time NASA has planned to transmit lessons from space 
since the ill fated Teacher In Space project when Christa McAuliffe was due to 
give lessons from Challenger In 19S6. 
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Problems Hit Hubble 


First Image Delayed 


Since its deployment from the 
Space Shuttle Discovery (see 
p.196-206) on April 25, the Hubble 
Space Telescope (HST) has suf¬ 
fered a series of problems. The 
transmission of the first image 
from the telescope was repeatedly 
delayed. 

Soon after the HST was deployed it 
became clear there were problems 
with one of the telescope’s two High- 
Gain Antenna (HGA). The HGA are 
used to transmit Hubble data to the 
ground via NASA’s Tracking and Data 
Relay Satellite (TDRS) network. The 
first attempts to communicate through 
the TDRS system failed. At one point, 
contact with the telescope was lost for 
three hours. The Space Telescope 
Operations Control Center (STOCC) 
again lost contact with the HST just 
prior to the planned opening of the 
aperture door. When communications 
were restored, controllers discovered 
that Hubble had entered a 'safe-mode' 
because of excessive torque loads 
when the No.2 HGA was commanded 
to track a TDRS satellite. 

The antenna problem was consid¬ 
ered very serious. Using the HGA the 
telescope can remain in contact with 
the ground for 90 minutes of each 97 
minute orbit. The telescope is 
equipped with two Low-Gain Antenna 
which could be used if the HGA failed, 
but their signals must be received by a 


HUBBLE 

V3 7 Update ~ 

ground station which would limit con¬ 
tact time during each orbit to 20 min¬ 
utes or less. 

Wire Blocks Antenna Movement 

To analyse the HGA problem the 
Low-Gain Antenna were used to trans¬ 
mit engineering data via NASA’s 
ground station at Canberra, Australia. 
The data received indicated the an¬ 
tenna’s movement was being blocked 
by an obstruction. A detailed investi¬ 
gation was launched to determine the 
cause. An examination of pre-launch 
photographs revealed a wire bent out 
of place near faulty antenna’s dish. 

Engineers at The Goddard Space 
Flight Center were able to duplicate 
the problem with a model of the an¬ 
tenna built using a child’s construction 
toy and a piece of electric flex to simu¬ 
late the suspect wire. The model indi¬ 
cated the wire was rubbing against the 
antenna’s counterbalance assembly 
when the dish was moved. The dish 
can be rotated 100 degrees in two di¬ 
rections to track the TDRS satellites. 

NASA has installed new software 
that limits the movement of the dish to 
prevent it from rubbing against the 
wire. According tp Jean Olivier, dep¬ 
uty telescope project manager, the 



antenna should operate at “75 percent 
or more" of its capacity. 

If a more permanent fix is not found 
the HGA problem could reduce 
Hubble’s output until the first Shuttle 
mission to service the telescope, cur¬ 
rently scheduled for June 1993. 

Hubble Door Shut By Mistake 

When normal HST checkout opera¬ 
tions resumed on May 1 an embarrass¬ 
ing mistake by ground controllers 
could have ended the mission until a 
Shuttle could have been launched to 
repair Hubble. The aperture door was 
accidentally closed while controllers 
tested the telescope’s safety systems 
that would come into action if, for 
example, Hubble was inadvertently 
pointed towards the Sun. The STOCC 
team had failed to inhibit the door clos¬ 
ing system before they began the test. 

When the aperture door was opened 
for the first time, the astronauts 
aboard Discovery were standing by in 
case a space walk was need to open 
the door manually. But on May 1 there 
was no one to help if the door jammed. 
After five tense hours of waiting, the 
aperture door was successfully reo¬ 
pened, much to NASA’s relief. 

First Image Delayed 

Transmission of the first image from 
Hubble was put back several times by 
the telescope's problems. NASA had 
selected a star cluster in the constel¬ 
lation Carina as the first target for the 
HST. The cluster is designated NGC 
3532 and is about 1,500 light years 
from Earth. 

The first attempt to transmit the 
image failed when the telescope was 
pointed about half a degree in the 
wrong direction. As a result the HST 
Fine Guidance Sensors were unable 
to locate a star pattern to point the 
telescope accurately at NGC 3532. 

According to Jean Olivier, a ground 
controller had made a calculation us¬ 
ing a minus instead of a plus, or vice 
versa. As this issue of Spaceflight 
went to press, the first image from the 
telescope was due for transmission on 
May 16. 

NASA stresses that the telescope's 
problems are only to be expected. 
Hubble is the probably the most com¬ 
plex unmanned civil spacecraft ever 
launched and it was not until the tele¬ 
scope was in orbit that it could be 
tested in its operating conditions. 
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Sailing to Mars on Sunlight 

British Entry Judged Most Technically Advanced 


In 1992 spacecraft from around the 
world are due to begin a race to Mars 
to celebrate th’e quincentenary of 
Christopher Columbus’ voyage to 
America. Solar sails will propel the 
spacecraft on their epic journey to 
the Red Planet. The British entry, 
designed by Cambridge Consult¬ 
ants Limited (CCL), has been 
|udged the most technically ad¬ 
vanced and Imaginative design of 
all those submitted from around the 
world. The Cambridge-based group 
plans to finance Its entry with spon¬ 
sorship from Industry. 

CCL came up with a simple but ingen¬ 
ious design which enables a circular sail 
276 m in diameter to be folded into a cyl¬ 
inder only four metres wide by four metres 
high. The company has named its space¬ 
craft Nina after the first ship in Columbus’ 
fleet. Dr Klaus Heiss, Chairman of the 
Columbus 500 Space Sail Committee 
congratulated the company “for the inno¬ 
vative scientific and technical work per¬ 
formed by your group that resulted in the 
most advanced technical design of all en¬ 
tries submitted worldwide.” However. Dr 
Heiss, told reporters the British concept 
has yet to be studied by an aerospace 
company for feasibility. 

The 60,000 square metre solar sail is 
propelled through space by the pressure 
of photons falling upon the silver film. 
This small but constant force will accel¬ 
erate Nina to a velocity of more than 10km 
per second. 

The spacecraft will have three-axis 
control. Its carbon fibre reinforced plas¬ 
tic support ribs can be flexed so that parts 
of the disc receive -more or less sunlight, 
so by changing the shape of the giant disc 
from a flat disc to a ‘bowl’ or ‘saddle’ 
shape it can be turned in the appropriate 
direction. 

The spacecraft control systems, sen¬ 
sors, antenna and scientific payload will 
be located in the centre hub. The position 
of the Sun will be determined by an opti¬ 
cal sensor using a set of CCD arrays to 
locate the Sun. Position of the Earth will 
be derived from the communications link, 
whose antenna will seek the source of 
Earth transmissions. The control centre 
will be able to communicate with the 
spacecraft through NASA’s Deep Space 
Network tracking stations. Distance to 
Earth will be determined by the time for 
signals to travel to and from the space¬ 
craft. The instruments will be powered by 
solar panels located towards the centre 
of the solar sail. Nina will carry a light¬ 
weight video camera 

The Soviet Union has made a very at¬ 
tractive offer to launch the solar sail on a 
Proton booster. The sail will be placed in 
a near geostationary orbit where deploy¬ 
ment will take place. By twisting and 


Nina unfurls 



aa CAMBRIDGE 
CONSULTANTS 


Nina's flight to Mars 



tumbling the sail, Nina will gradually pick¬ 
up speed and altitude. It will take about 
80 orbits to achieve escape velocity. 

The British design should reach Mars 
in 200 to 300 days, depending on the 
alignment of the planets. The solar sail 
will have to pass within 10,000 km of the 
planet to win the prize. 

After Mars, the mission could continue 
with a voyage through the asteriod belt 
The spacecraft’s lifetime will last as long 
as the plastic in the solar sail survives. 


CAMBRIDGE 

CONSULTANTS 


Cambridge Consultants is trying to 
involve students in the design of the so¬ 
lar sail. Six formers at a school near the 
company are already helping with the 
design of some of the sensors. 

CCL now faces the difficult task of rais¬ 
ing sponsorship to finance the mission. 
The company estimates it will cost £1 
million to complete the design and a fur¬ 
ther £6 million to build and operate it. The 
preliminary design phase should be 
completed bythe end of the year. 
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NASA Says LDEF Tomatoes are Safe 


On April 13 NASA hurriedly arranged a 
press conference to deny allegations 
that tomato seeds carried on the Long 
Duration Exposure Facility (LDEF) 
could produce poisonous fruit School 
children across the US and around the 
world have received seeds from the ex¬ 
periment. 

Press reports, with headlines such as 
‘Attack of the Killer Tomatoes', quoted a 
NASA memo that said seeds carried on 
LDEF could have been mutated by radia¬ 
tion and could produce poisonous toma¬ 
toes. 

NASA said that prior to initiating the 
SEEDS experiment the agency asked the 
US Department of Agriculture to evaluate 
the safety aspects and was assured there 
were no food safety risks associated with 
the tomato seeds and fruits they pro¬ 
duced. A letter from the USDA stating this 


conclusion was included in every SEEDS 
teacher kit. 

The USDA reaffirmed that evaluation 
at the SEEDS press conference. Dr Alvin 
Young, Science Advisor and Director of 
the Office of Agricultural Biotechnology, 
stated that “the space seed and the toma¬ 
toes they produce will be as safe as any 
tomatoes grown in a home garden.” 

The Park Seed Company, which fur¬ 
nished the seeds, is handling the distri¬ 
bution for NASA and will participate in the 
analysis, issued a statement backing Dr 
Young’s assurance: “We feel the project 
is completely safe and one which hope¬ 
fully will encourage the future scientists 
that the US so desperately needs.” 

The tomato seeds were launched into 
orbit in April 1984. The Space Shuttle 
Columbia returned LDEF and the seeds 
in January of this year. Park Seed says 



A kit containing two sets of seeds has been Is¬ 
sued to students across the US. Park Seed Co. 

the SEEDS tray was checked for radiation 
emission once it was back on the ground. 
No harmful radiation was noted the com¬ 
pany said. 


Pioneer 11 Fourth Spacecraft to Leave the Solar System 


Pioneer 11 crossed the orbit of Nep¬ 
tune on February 23 and became the 
fourth spacecraft to leave the Solar 
System. Pioneer 11 will join Pioneer 10 
and Voyagers 1 and 2 In searching for 
the heliopause, the point at which the 
Sun’s electromagnetic Influence 
gives way to the galaxy’s Influence 
As it crossed Neptune’s orbit. Pioneer 
11 was 2.8 billion miles from the Earth. 
Neptune’s orbit currently marks one 
measure of the expanse of the Solar 
System because, for the next 12 years, 
Pluto’s eccentric orbit carries it inside 
Neptune’s path. Some scientists refer to 
the heliopause as the edge of the Solar 
System. By that definition, all four space¬ 
craft are still within the Solar System. 


Pioneer 11, which will traverse inter¬ 
stellar space in the same direction as the 
Sun moves, continues to return good 
data, but in three years time, operation of 
the radio transmitter and scientific instru¬ 
ments simultaneously will be difficult 
says NASA Project Manager Richard 
Fimmel. Technical adjustments may ex¬ 
tend the craft’s life through 1995. Pioneer 
10, with a stronger power supply, may 
return data through the year 2000, which 
would extend its original 30-month de¬ 
sign life to 28 years. 

Launched in 1973, Pioneer 11 provided 
scientists with their closest view of Jupi¬ 
ter passing within 26,600 miles of the 
cloud tops in December 1974. The close 
approach and the spacecraft’s speed of 


US Solar Sails 


The winning American design proposal 
for the Columbus 500 project originated 
from the Applied Physics Laboratory 
(APL) of the Johns Hopkins University 
near Baltimore. With many years of expe¬ 
rience in related space projects the APL 
team, led by Harold Fox, proposed a 
highly innovative ’sunflower’ sail design. 

Their sail is to be constructed from 480 
individual ‘petals’, some of which will 
have the ability to be rotated so as to 
provide pitch and roll control torqures. 
During launch the petals will be stored in 
a series of interconnected tubes with 
small springs for the in-orbit deployment. 
The sunflower has a diameter of around 
200 m and, with a total spacecraft mass 
of only 130 kg, the sail should have a high 
enough acceleration to reach Mars in 
under 500 days. 

After the Mars encounter it is planned 
to fly the sail to the asteroid belt for a 
scientific survey. Since no propellant is 
required, the duration of the survey will be 


limited only by the spacecraft lifetime. 
One novel approach being studied is to 
use the sail to illuminate the shaded re¬ 
gions of these bodies. Payload space 
permitting, other small student experi¬ 
ments are to be flown on the sail. To en¬ 
hance further the public appeal of the 
project it is planned to publish sighting 
opportunities and solicit photographs 
from amateur astronomers of the sail 
against the star background. 

Other international entries to the race 
include a team from the Italian Aeritalia 
aerospace company, the Canadian 
Space Society and the Massachusetts 
Institute of Technology (MIT). The MIT 
entry is of the ‘heliogyro’ design consist¬ 
ing of eight long blades attached to a 
central core. With a mass of only 20 kg 
race organiser Klaus P. Heiss refers to it 
as the fleet ‘gadfly*. 

Colin Mclnnes, Astronomy Group, 
University of Glasgow 


107,373 mph, by far the fastest ever for a 
man-made object, hurled Pioneer 1.5 bil¬ 
lion miles across the Solar System to¬ 
ward Saturn. 

Pioneer 11 flew to within 13,000 miles 
of Saturn and took the first close-up pic¬ 
tures of the planet. Instruments located 
two previously undiscovered small 
moons and an additional ring, charted 
Saturn’s magnetosphere and magnetic 
field and found its planet-size moon. Ti¬ 
tan, to be too cold for life. 

In June 1983, Pioneer 10 made history 
by becoming the first human artifact to 
leave the solar system, travelling in the 
direction opposite to that of Pioneer 11’s 
path. Pioneer 10 is now 4.5 billion miles 
from Earth. 


Astronaut Williams Retires 

Astronaut Donald Williams veteran of two 
shuttle flights, retired from NASA and the 
Navy on March 1, to pursue a career in pri¬ 
vate industry. "I reached my goal as a pilot, 
which was to command a mission”, said 
Williams, “Now it’s time to go on to other 
challenges”. Williams was selected by 
NASA as an astronaut in 1978, and made his 
first space flight in April 1985 as pilot of 
Discovery on STS-51-D. He flew again as 
crew commander of Atlantis in October 
1989 on STS-34. Williams will join Science 
Applications International Corp. in Houston 
as senior systems engineer. 

Aerospatiale Builds 
Ariane 5 Tanks 

Aerospatiale has been awarded a contract 
by MBB for the development of high pres¬ 
sure tanks for the Ariane 5. The tanks will 
be built of carbon fibre, wound around a ti¬ 
tanium liner. They will store helium under 
high pressure and serve the launch ve¬ 
hicle’s propulsion systems. 








Endeavour Takes Shape 

Construction of the Space Shuttle Endeavour Is now nearly 75 per cent complete. 
In March the crew module was Installed and the upper forward fuselage mated 
(see above). Construction of the replacement for Challenger is ahead of schedule 
and under budget (See Spaceflight, May 1990, p.176-177.) 


Juno’s Future 
Remains Uncertain 

The future of the Anglo-Soviet Juno 
mission remains unclear. In March the 
project announced It was having prob¬ 
lems raising sponsorship to finance 
the mission. 

Negotiations with Glavkosmos were 
continuing as this issue of Spaceflight 
went to press. Jack Leeming has visited 
Moscow several times to meet with sen¬ 
ior space officials. Juno needs assur¬ 
ance from the Soviets that the mission will 
go-ahead despite the present problems. 
Without this guarantee it will be very diffi¬ 
cult to find further sponsors for the proj¬ 
ect. 

In Star City Tim Mace and Helen Shar- 
man continue their training for the 1991 
mission. They have taken exams on the 
subjects they have covered during their 
five months at the training centre. The 
astronauts are being kept informed of 
efforts to save the project. 

CLASSIFIED ADS - 


Ariane Explosion 
Caused by Rag 

The loss of Ariane V36 was caused by a 
small piece of cloth that blocked the wa¬ 
ter supply to one of the vehicle’s first 
stage engines. Two Japanese satellites 
were destroyed In the accident 

The rag was probably left in the pipe when 
the tubing was dismantled and readjusted 
during first stage integration before transfer 
to French Guiana. Arianespace Chairman, 
Frederic cfAllest said the cause of the fail¬ 
ure was “not only shocking but hard to ac¬ 
cept.” 

D’Allest told journalists the loss of V36 
would cost the company FF200-300 million 
(about USS35-50 million). He added that, 
should the Japanese customers ask for a re¬ 
launch, they would have top priority on the 
Ariane launch schedule. Arianespace 
hopes to resume launches in July. 

Meanwhile the company has been 
awarded the contract to launch the Euro¬ 
pean Space Agency’s Infrared Space Ob¬ 
servatory. 
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NEWS IN BRIEF 

‘Man on Mars in 
30 Years’ - Bush 

The US will land a man on Mars in 2019, 
50 years after the first Moon landing, says 
President Bush. This is the first time the 
President has given a timescale to his 
Moon-Mars initiative announced in July 
last year on the 20th Anniversary of the 
Apollo 11 landing. Bush rejected criticism 
that NASA was too underfunded to 
achieve his goals. 

Big Budget Cuts for 
Soviet Space Programme 

The head of Glavkosmos, Aleksandr 
Dunayev, has revealed that Soviet space 
spending was cut by 10 per cent in 1990, 
writes Neville Kidger. This slowing down of 
space research would inevitably slow down 
other areas of the Soviet economy Dunayev 
said. 


TDRS Moved 

NASA has moved its spare Tracking and 
Data Relay Satellite 1 (TDRS) to 171 de¬ 
grees West longitude after TDRS 3 lost 
some Ku-band capabilities earlier this year. 
The TDRS 4 satellite is operating normally. 
The TDRS satellites relay communications 
from spacecraft in low Earth orbit The sys¬ 
tem is used by the Space Shuttle and the 
Hubble Space Telescope. 

Japanese Astronaut 
Selected 

Mamoru Mohri has been selected as a pay- 
load specialist for the June 1991 Japanese 
Spacelab mission. His back-ups will be 
Takao Doi and Dr Chiaki Naito. 

Historic Eyepiece 
on Shuttle 

Mission Specialist Kathy Sullivan carried 
an eyepiece from the 100-inch telescope at 
Mount Wilson Observatory when she 
blasted-off on mission STS-31 to deploy the 
Hubble Space Telescope. The eyepiece 
was used in the 1920s by astronomer Edwin 
P. Hubble. It is now on display at the obser¬ 
vatory. 

MoD Contract for Marconi 

The UK Ministry of Defence has placed a 
multi-million pound contract with Marconi 
Space Systems for a second production 
order for Enhanced SCOT shipborne satel¬ 
lite communications terminals. SCOT is 
now the world’s largest selling military ship- 
borne terminal with over 70 systems or¬ 
dered since the early 1970s. SCOT termi¬ 
nals with the Royal Navy are using the two 
Skynet 4 satellites launch in November 
1988 and Janaury this year. SCOT termi¬ 
nate can also operate with NATO and US 
military satellites. 
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SOVIET SCENE 


Kristall Delay Threatens Mir Profits 



The most recent delay to the launch¬ 
ing of the Kristall technology mod¬ 
ule to the Mir space station will 
result In a 20 percent loss of the 
planned technological, medical 
and biophysical studies, according 
to deputy flight director Viktor Bla¬ 
gov. The monetary value of this lost 
production Is estimated at 20 mil¬ 
lion Roubles. 

When the current Mir crew of Anatolo 
Solovyov and Aledsandr Balandin were 
launched on February 11, Soviet spokes¬ 
men stressed that their mission would 
make a profit of about 25 million Roubles. 
The flight would cost 80 million Roubles 
and the return would be 105 million 
Roubles. The flight is the first since the 
Soviet space programme went over to a 
profit-and-loss accounting system rather 
than central funding. 

The 25 million Roubles of net profit was 
mainly to be generated from commercial 
production of materials manufactured in 
the production plants of the Kristall mod¬ 
ule. The module was to have been 
launched on March 30 but was delayed to 
April ,18. On April 20, however, the Sovi¬ 
ets announced that computer difficulties 
had delayed the launch to at least June 1. 
Solovyov and Balandin are due to return 
on July 30, having been succeeded by 
cosmonauts Gennadi Manakov and Gen¬ 
nadi Strekalov. 

The delay to Kristall has been caused 
by the extended period of time that the 
tuning of the Mir’s on-board computers 
has taken. Mir has five mainframe com¬ 
puters aboard with a total capacity of over 
2 million operations per second, Blagov 
told the “Izvestiya” newspaper. 

The new Salyut 5B computer was being 
tuned whilst the old Argon 16B computer 
was struggling to control the station’s 
unusual configuration and the signifi¬ 
cantly increased quantity of apparatus. In 
addition, the station cannot assume cer¬ 
tain orientations to avoid exposing the 
Soyuz TM-9 spacecraft’s descent mod¬ 
ule to extremes of heat and cold. This is 
because three panels of the module’s 
thermal insulation have come loose and 
will need either replacing or reattaching 
by the cosmonauts during an EVA. 

Blagov said that intermachine com¬ 
patibility had proved more difficult to 
achieve than first imagined. He said that 
the first stage tests which confirmed that 
the computer was successfully perform¬ 
ing all the basic operations were only 
completed on April 19 and further checks 
were needed because of the planned ar¬ 
rival of a Progress cargo ship in early May 
was being complicated by the fact that its 
systems were only compatible with the 
old computer. 

In addition, Yuri Semenov, general 
designer of the Energiya scientific and 
production association has admitted that 
breakdowns of the gyrodyne attitude con¬ 
trol system house in the Kvant module 
had been detected. The station is to be 


Reports By 
Neville Kidger 


controlled by 12 gyrodynes and the com¬ 
puter controlled test of them on April 19 
was the first time that 11-12 of them had 
achieved the planned parameters. The 
whole set is needed to control the com¬ 
plex when four modules are attached. 

Semenov revealed that the go-ahead 
had been given for the launch of the final 
two modules to the complex after the 
launch of Kristall. 

The station's previous occupants, 
cosmonauts Viktorenko and Serebrov 
revealed to the press that, despite prob¬ 
lems, their mission broke even on its 90 
million Rouble cost. The experiments 
which they conducted repaid that cost, 
they said. The men brought back to Earth 
some 297 grammes of a semi-conductor 
material - gallium arsenide - which had 


Nine satellites In geostationary orbit 
will form the new Soviet direct broad¬ 
cast TV system, according to Glavkos- 
mos head Aleksandr Dunayev. 

The system will consist of three Gals 
and up to six Gelikon satellites. The Gals 
is a three-channel satellite whilst the 
Gelikon has four channels. 

Dunayev said that the Gals were to be 
launched first because the “oxygen-hy¬ 
drogen booster will not be ready in our 


been processed in the Gallar unit on Mir 
when they returned on February 19. 

But the men criticized the resources of 
the station, saying that they had to spend 
up to 80 percent of their working day pre¬ 
paring their working areas and setting up 
equipment. They had to improvise ropes 
to move around and complained that 
there were no fixtures to hold them in 
place at their work stations. In addition, 
some 80 waste containers had accumu¬ 
lated on Mir because they needed the 
permission of the general designer be¬ 
fore they could be jettisoned. Blagov said 
that the station was steadily coming to the 
end of its resources. 

A Soviet designer has told radio 
Moscow that the Mir-2 station will be 
similar in appearance to the Freedom 
space station which the Americans are to 
assemble in orbit in the mid-to-late 
1990s. The weight of the new station will 
be 50-600 tonnes. The launch is planned 
“soon”. 


country in 1991 to lift the whole load of 
around 3.7 to 4 tonnes into geostationary 
orbit”. He said that urgent improvements 
of the existing Proton DM Booster to lift 
an extra 200 kg into geostationary orbit 
were being made to enable it to launch the 
Gals satellite. The first launch is cur¬ 
rently planned for December 1990. 

The system will serve the whole of the 
USSR, Eastern Europe and parts of the 
Far East and South-East Asia. 


New Soviet DBS System Announced 
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Voskhod 2 Flight Recalled 



Soviet drawing ot Voskhod 2 at the time of Leonov's preparations for exit From Soviet documentary 
film “Korolev". 


The background to the 1965 flight of 
Voskhod 2, during which cosmonaut 
Aleksei Leonov made the first space- 
walk has recently been recalled by the 
Instigator of the flight - Chief Designer 
of Aerospace Ejection Seats and EVA 
Equipment, Gay lllch Severln of the 
Zvezda factory. 

Severin worked with Sergei Pavlovich 
Korolev on the design of the ejection seat for 
the Vostok spacecraft and suggested, in 
1964, the idea of an EVA to be performed by 
a Soviet cosmonaut before the Americans 
could perform a spacewak from their Gem¬ 
ini craft. 

The Gemini EVA would involve the open¬ 
ing of a hatch on the spacecraft but the 
Vostok/Voskhod craft had no such provi¬ 
sion. The hatch was secured by nuts. The 
proposal was advanced to equip the craft 
with an inflatable airlock. The idea was 
approved and a tight schedule was set to 
beat the Americans. 

Korolev gave Severin authority to have 
his work done as quickly as possible and 
within nine months the project was accom¬ 
plished. Several airlocks were manufac¬ 
tured with several EVA suits for tests. 

Toting on the ground was accomplished 
in the decompression chamber of the 
Zvezda factory and the decision was made 
to fly an unmanned precursor mission. The 
aim was to orbit the craft, deploy the airlock, 
inflate its load-bearing air frames and auto¬ 
matically open the hatch. An EVA suit was 
placed in the airlock near the exit hatch. The 
suit was to be automatically inflated and 
sealed. The spacecraft was to make several 
orbits with its structures being tested in 
various modes. 

The Spacecraft, Cosmos 57, was 
launched on February 22, 1965. However, 
due to an extraordinary coincidence, the 
spacecraft was destroyed in space. 

Cosmos 57 entered orbit after launch 
from Tyuratam and, after being tracked as 
far as Kamchatka, seemed to disappear, 
Severin says. 

Analysis showed that two commands 
from different ground controllers had been 
sent to the craft simultaneously rather than 
sequentially, as planned. This had the ef¬ 
fect of triggering the unmanned craft’s self- 
destruct system, designed to prevent the 
ship from falling on to the territory of another 
nation. 


Severin concedes that, at the time, the 
rush to beat the Americans was leading to 
nervousness. 

There followed another accident at Fedo- 
siya when a mock-up of the descent cabin 
was dropped from an aeroplane for tests of 
the airlock ejection and parachute systems. 
The latter fated to operate and the cabin 
was destroyed on ground impact The situ¬ 
ation by then was becoming “very grave" 
Severin recalls. 

Almost the entire testing programme had 
been disrupted the only part accomplished 
being deployment of the airlock and its de- 
prossurisation along with pressurisation of 
the EVA suit on Cosmos 57. That sequence 
had taken just seconds to unfold. 

Severin says that Korolev was, by this 
time, “ a yellowish-green all over” due to the 
strain. Korolev often called Severin to con¬ 
ferences at his cottage at the dead of night 
Severin took advice from his testing group 
and constructors and the decision was 
made to recommend that the flight go ahead. 
To have launched another unmannof test 
flight would have added a year to the pro¬ 
gramme. 


Before the State Commission would au¬ 
thorise the flight, the chairman of the KGB 
came to the cosmodrome to inspect the 
equipment Severin considers that the KGB 
might have suspected sabotage as the 
cause of the previous accidents. 

The KGB established a very strict moni¬ 
toring regime which made Severin and his 
colleagues nervous. The State Commis¬ 
sion eventually approved the flight after 
being convinced that the systems were reli¬ 
able. Korolev and Mstislav Keldysh were in¬ 
strumental in the approval. 

The Voskhod 2 flight was launched on 
March 18, 1965. Following his historic exit 
into raw space, Leonov experienced diffi¬ 
culties in clambering back into the airlock. 
Severin said that the designers had pro¬ 
vided for the lowering of pressure in the EVA 
suit to aid mobility and allow Leonov to reen¬ 
ter the airlock. Leonov had to struggle to 
complete his EVA. 

The next day the spacecraft’s automatic 
landing system fated and Voskhcxfs com¬ 
mander, Pavel Belyayev, manually con¬ 
trolled the reentry. The spacecraft had 
missed the normal landing zone and even¬ 
tually landed near the city of Perm. 

For many hours there was no word as to 
the fate of the two men. Severin recalls that 
Korolev openly wept during this period. 

However, tee cosmonauts were located 
alive and well and they were brought back 
to Moscow. 

Following tee Voskhod 1 flight, the Soviet 
Council of Ministers and tee Communist 
Party Central Committee had discussions 
about sending the Voskhod spacecraft to 
the Moon. Chief Designer Chelomei had 
taken tee decision to develop a new rocket, 
the UR-900, which would allow such a flight 
to take place without intermediate docking 
in space. 

With acknowledgements to D. J. Shayler 
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Ground test of fairing jettison for Voskhod 2. From soviet documentary film “Korolev*. 








INTERNATIONAL MISSIONS 



The German astronauts in the Spacelab simulator at the DLR institute at Koln-Porz, FRG. (Left to right) Heike Walpot, Ulrich Walter, Renate Brummer, 
Gerhard Thiele and Hans Wilhelm Schlegel All photos: Daniel Fischer 

R Brummer in a lower bodv negative pressure, chamber. Part of a programme to understand how blood circulation differs in microgravitv 














































INTERNATIONAL MISSIONS 


Invitation to Mir Brings New 
Challenges for German Astronaut Corps 


In 1988 the German Aerospace 
Research Establishment, DLR 
(Deutsche Forschungsanstalt fur 
Luft- und Raumfahrt), selected 
three men and two women to train 
for the Spacelab D2 mission, sched¬ 
uled for 1992. Two of them will fly as 
payload specialists, the remaining 
three would be back-ups. Recently 
the DLR announced two of the astro¬ 
nauts would train for a mission to 
the Soviet Union’s Mir space sta¬ 
tion. 

Earlier this year West Germany 
announced it had accepted an offer 
made by President Gorbachev to send 
an astronaut to Mir for a week long 
mission at a cost of DM 20 million 
(about £7 million). The mission would 
also take place in 1992. Two astro¬ 
nauts will be required, a primary and a 
back-up. They will be selected from 
the existing astronaut group. 

The Soviets say the German astro¬ 
nauts’ basic space flight training was 
up to their standards so the two se¬ 
lected will be able to start preparations 
for the Mir mission at an advanced 
stage. 

The DLR has yet to assign the astro¬ 
nauts to a particular mission. The 
candidates expressed mixed feelings 
about the choice they suddenly face. 
Flying with the United States offers 
more hard science - 90 experiments 
and the capabilities of a Spacelab long 
module over nine days, under a rigid 
schedule in the well-known environ¬ 
ment of a Space Shuttle orbiter. Ger¬ 
man science on Mir will be very re¬ 
stricted: only 100 kg of hardware can 
be carried to Mir, although additional 


By Daniel Fischer 

Konigswinter, West Germany 


Progress cargo capacity could be 
booked for another several million 
DM. Approximately seven experi¬ 
ments in biology and material science 
will be conducted. The visiting astro¬ 
naut will also have time to take a close 
look at how the Soviet run their space 
station. 

Since West Germany has a leading 
role in the construction of the Euro¬ 
pean Columbus module for Freedom 
a visit to a station, that has been in 
operation for six years, will be espe¬ 
cially worthwhile. First-hand experi¬ 
ence with the Soviet training facilities 
might also demonstrate how cosmo¬ 
nauts have learned to stand many 
months in space without adverse ef¬ 
fects. 

The ride to Mir will be harder: the 
maximum g loads are higher, the 
touchdown is rougher and the visiting 
astronauts will have more responsi¬ 
bilities than a payload specialist on the 
Shuttle. All passengers in a Soyuz 
capsule play an important role. The 
first German cosmonaut, Siegmund 
Jahn of the GDR, who travelled to 
Salyut 6 in 1978 tias confirmed this. 
Jahn had to assist his commander with 
navigation and, in principle, he would 
have been able to perform a docking 
manoeuvre by himself. The two West 
German astronauts will also have to 
learn Russian. 

Quite soon a panel will select which 
astronauts will train for the two space 
missions. The 18 months training for 


the Soviet flight will begin in the Au¬ 
tumn. 

Basic (raining at the DLR since 1988 
has consisted of lectures and semi¬ 
nars on space flight. Parabolic flights 
in NASA's KC-135 aircraft were of spe¬ 
cial importance. The DLR experts 
were quite frank about the motion sick¬ 
ness that all five candidates suffered 
sooner or later during the flights. The 
astronauts will have to learn how to 
work even when suffering from motion 
sickness. A lot of work must be per¬ 
formed during the first week in orbit. 
The experiment programme cannot 
afford to lose a few days because of the 
space sickness that one in two astro¬ 
nauts suffer from. The West German 
astronaut training has included scuba 
diving and all candidates now own pi¬ 
lot licenses. Both flying and diving will 
help the astronauts to learn to live in a 
‘three-dimensional environment’. 

Last spring the astronauts began to 
study the aspects of the D2 mission (D 
for Deutschland). They travelled from 
lab to lab and talked with the research¬ 
ers whose experiments they will carry 
out. The astronauts will have an equal 
understanding of each experiment. At 
the present time the detailed proce¬ 
dures for the experiments are being 
rehearsed, at first individually but 
soon for several experiments at a time. 
210 hours of crew operations in orbit 
must be prepared - it is expected that 
each astronaut will have up to 2,000 
hours of training. Six months prior to 
launch, all activity will shift to the US 
where detailed briefings about the 
space Shuttle systems will conclude 
the four-year preparations. 

One question remains to be an¬ 
swered: will there be need for a fourth 
astronaut for D2, now that two of the 
five face other tasks? If that is the case 
then there probable will not be enough 
time for another recruitment round. 
One of the D1 payload specialists that 
flew with Challenger in 1985 might be 
asked to prepare for D2 as a possible 
back-up. 

Meanwhile integration of Spacelab 
will begin this summer as the experi¬ 
ments are nearly complete and have 
just passed the NASA qualification 
checks. A D3 mission is planned for 
1994, this time with more involvement 
for ESA. 

West Germany’s role in astronaut 
training will grow in the coming years. 
ESA has decided to base its European 
Astronauts Centre (EAC) and the Co¬ 
lumbus/Hermes Crew Training Com¬ 
plex (CTC) here. 
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STS-31 MISSION REPORT 


A New Window on the Universe 

Discovery Crew Deploys Hubble Space Telescope 

In the words of NASA launch com¬ 
mentator George Dlller the Space 
Shuttle Discovery opened ‘a new 
window on the universe’ when It 
blasted off on April 24 carrying the 
Hubble Space Telescope. The crew 
of five successfully deployed the 
long awaited telescope during their 
second day in orbit. Astronauts 
Loren Shrlver, Charlie Bolden, 

Bruce McCandless, Steve Hawley 
and Kathy Sullivan returned to 
Earth on April 29 after what must be 
one of the most important Shuttle 
missions to date. The Hubble Space 
Telescope (HST) is now undergoing 
a six month checkout before obser¬ 
vations can begin in earnest. 

Spaceflight was briefed on STS-31 
flight by astronauts Steve Hawley 
and Kathy Sullivan. 

Launch Preparations 

Following STS-33, Discovery was 
returned to the Kennedy Space Cen¬ 
ter and towed to Orbiter Processing 
Facility (OPF) High Bay 2 where it 
spent three months undergoing 
preparations for STS-31. 

Stacking the Solid Rocket Boosters 
(SRBs) for STS-31 began in Decem¬ 
ber 1989. However, it became neces¬ 
sary to replace the right aft booster 
segment after it was found that a criti¬ 
cal leak test had not been performed 
correctly on one of the SRB joints. 

Discovery was rolled over to the 
Vehicle Assembly Building (VAB) on 
March 5 for mating to the External 
Tank. Rollout to Pad B began at 19:55 
EST. The operation was complete by 
04:30 the following day 

The Hubble Space Telescope (HST) 
arrived at the Kennedy Space Center 
in October 1989 after a flight from the 
Lockheed facility in Sunnyvale, Cali¬ 
fornia. The telescope, with its spe¬ 
cially designed test support structure, 
was moved to the Vertical Processing 

Facility for final checkout operations A technician carefully monitors the operation to dose the payload bay doors around the Hubble Space 

The HST was installed in the payload Telescope ,w ,he ,irst launch attempt NASA 

transfer canister and moved to the doors can be opened and the space- 

launch pad during the early hours of By Roelof Schuiling craft inserted into the Shuttle.) The 

March 25. and gteven Young HST was still in its protective covering 

HnhhiA th« p«ri at Kennedy Space Center and * as not °P en '° 'he insects. The 

Hubble at the Pad J K tiny bugs were considered a threat to 

The HST was scheduled for a rapid the telescope’s sensitive optics and 

installation into Discovery, however Shuttle while the Rotating Service electronics so removal of this covering 

work on the $1.5 billion spacecraft was Structure (RSS) had been rolled back had to be delayed until the midges 

halted because of some unwanted to move the telescope into the PCR. were removed, 

visitors in the Payload Changeout (The PCR is a clean room facility that Several lighted traps with small 
Room (PCR). Small mosquito-type comes face to face with the payload vacuum devices and dry ice were stra- 

insects (midges) were found on the bay doors when the RSS is in position tegically placed throughout the clean 

surface of the orbiter when techni- around the orbiter. Once a seal has to capture the midges Use of insecti- 

cians went to open the payload bay been established between the PCR cide sprays near the telescope was 

doors. The midges had settled on the and the orbiter body, the payload bay prohibited. The room lights were 



By Roelof Schuiling 
and Steven Young 

at Kennedy Space Center 

Shuttle while the Rotating Service 
Structure (RSS) had been rolled back 
to move the telescope into the PCR. 
(The PCR is a clean room facility that 
comes face to face with the payload 
bay doors when the RSS is in position 
around the orbiter. Once a seal has 
been established between the PCR 
and the orbiter body, the payload bay 
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turned off so that the trap lights would 
attract the insects, which were drawn 
into the trap by the vacuum and killed 
by the dry ice. The total midge ‘body 
count’ was 40. With the insects out of 
the way approval was given to remove 
the telescope covering and it was in¬ 
stalled in the payload bay on March 29. 

Despite the problems the Mission 
Management Team decided to bring 
the launch forward two days to April 
10 . 

Final Preparations 

A two day checkout of the HST sys¬ 
tems began on April 1. However, prob¬ 
lems at a control centre delayed com¬ 
pletion of the test until April 5. During 
the test charging of the telescope’s 
nickel-hydrogen batteries began. 

The launch pad was cleared of non- 
essential people for final ordnance 
operations. The Orbital Maneuvering 
System (OMS) propellant system was 
pressurised and the liquid hydrogen 
and liquid oxygen storage tanks on the 
pad service structure were loaded with 
reactants for Discovery’s fuel cells. 

The launch pad was reopened on 
April 6 to allow closeout of the aft 
engine compartment and the removal 
of protective covers. 

The Shuttle launch countdown - 
affectionately called ‘Sue-7’ by launch 
personnel after its controlling docu¬ 
ment number, test # S0007 - began at 
15:00 EDT on April 7. The five astro¬ 
nauts arrived at KSC shortly before the 
countdown commenced. At the pad, 
charging of the HSt batteries was 
completed and cables and cooling 
ducts removed from the spacecraft. 
The payload bay doors were closed on 
the morning of April 8. 

The S0007 document begins the 
countdown timeline at the T-43 hour 
point. However, the actual launch was 
due to take place almost 65 hours 
later. The countdown is stretched by 
22 hours and 47 minutes of built-in 
holds during which any last minute 
problems can be resolved. About 12 
hours of built-in hold was removed for 
the STS-31 countdown. The shorter 
than normal countdown allowed NASA 
more flexibility in the event of a launch 
scrub. The HST batteries would have 
to be recharged five days after the first 
launch attempt. By reducing the num¬ 
ber of hours in the countdown more 
time was left on the batteries for an¬ 
other launch attempt. 

As usual, a close eye was kept on the 
weather, which looked good for the 
start of the launch window but was 
predicted to deteriorate later in the 
day. 

Launch Scrub 

The countdown proceeded without 
problems until shortly before the 
planned lift-off. At the T-5 minute point 
pilot Charlie Bolden began the start-up 



The crew enjoy breakfast on launch day 

sequence for the orbiter’s Auxiliary 
Power Units (APUs). The three units 
provide hydraulic power during the 
launch and landing phases of the mis¬ 
sion. Approximately one minute after 
the sequence began a problem was 
detected with APU No.1. The count 
was held at T-4 minutes as the prob¬ 
lem was assessed. However, it was 
decided that further analysis was re¬ 
quired and the launch was scrubbed at 
08:46. Although the orbiters are 
equipped with three APUs, mission 
rules require that all three be operat¬ 
ing correctly before launch. 

It was determined that a hydrazine 
fuel valve inside the APU had failed to 
operate correctly, allowing excess 
fuel to enter the unit leading to an 
overspeed condition. It could not be 
determined if the APU itself or its 
controller unit were at fault so the 
controller, a much* smaller compo¬ 
nent, was removed on April 11 and 
flown to its manufacturer. 

Tests at the factory absolved the 
controller of blame and preparations 
for replacing the APU -began. NASA 
announced the launch of STS-31 had 
been rescheduled for April 25. The 
HST batteries would be removed from 
the telescope and recharged at the 
KSC battery lab in the VAB. Telescope 
manager chose to remove the batter¬ 
ies for charging because it would re¬ 
duce the risk of contaminating the tele¬ 
scope and the batteries could be 
cooled to 32 degrees F to receive an 
optimum charge. Devices were in¬ 
stalled to monitor contamination in the 
payload bay. 

The faulty APU and the six batteries 
were removed on April 14. The pay- 
load bay doors were closed immedi¬ 
ately after technicians finished work 
on the telescope to minimise possible 
contamination. A purge of ultra-clean, 
cool and dry air was maintained 
around the telescope in the payload 
bay. 

The newly installed APU was serv¬ 
iced with hydrazine and in the early 
hours of April 18 the unit was started 
up for a ’hot fire’ test that lasted for just 
over five minutes. Work to ready the 


Shuttle for the second launch attempt 
had moved ahead of schedule so 
NASA announced it was bringing the 
launch forward one day to April 24. 
“The launch team has done a super 
job," said Bob Crippen, Space Shuttle 
director. 

The countdown for the launch, 
scheduled for 08:31, began at 15:00 
on April 21. The STS-31 crew returned 
to KSC on April 22. 

Although the weather looked prom¬ 
ising for launch, a cold front moved 
through Florida on the 23rd prompting 
the launch team to delay rolling back 
the RSS because thunderstorms 
seemed likely. In the end the bad 
weather failed to materialise. The RSS 
was rolled back at 18:00, about five 
hours later than scheduled. The delay 
did not affect the launch time because 
the rollback operation can take place 
at almost any point during an eleven 
hour built-in hold at T-11 hours. 

Launch Day 

The weather on April 24 was good. 
Air Force Forecasters were predicting 
a 70 to 80 percent chance of accept¬ 
able weather and upped their predic¬ 
tion to 90 percent, in the early hours of 
launch day. The countdown proceed 
with only a few minor hitches. 

The only weather concern during 
the countdown was at Edwards Air 
Force Base where winds were too high 
for an Abort Once Around (AOA) land¬ 
ing. The AOA site was changed to the 
back-up landing strip at White Sands, 
New Mexico. 

The crew were woken at about 03:35 
EDT. After eating the traditional pre¬ 
launch breakfast, the astronauts re¬ 
ceived a briefing on weather condi¬ 
tions at the Cape and at landing sites 
around the world. At about 05:15, 
dressed in bright orange partial pres- 

C ENT RE PAGES - 

MAIN PHOTO: The Hubble Space Telescope 
suspended on the arbiter's RMS. 

TOP LEFT: Discovery blasts-off on April 24. 
BOTTOM LEFT: The crew poses for the tradi¬ 
tional inflight portrait. Loren Shriver is at lower 
left. Charlie Bolden floats above. Others (left to 
right) Kathy Sullivan, Bruce McCandless and 
Steve Hawley. NASA 
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Discovery blasts-off in the background, while Columbia (left foreground) awaits launch. NASA 


sure suits, the STS-31 crew left their 
quarters at the Operations and Check¬ 
out Building and boarded the bus for 
the launch pad. The crew began to 
board the orbiter about half an hour 
later., 

For launch Shriver sat in the flight 
deck front-left seat, Bolden in the 
front-right seat, Hawley in the aft- 
centre seat, McCandless in the aft- 
right seat and Sullivan in the middeck. 
For landing Sullivan and McCandless 
swapped seats. 

Hawley served as ‘flight engineer’ 
for launch and landing. He explained 
his responsibilities: “During ascent 
the Commander’s job is to monitor the 
trajectory, to make sure the Shuttle is 
going in the right direction. The pilot is 
primarily responsible for monitoring 
the main engines and the electrical 
and hydraulic system. The advantage 
the Flight Engineer has by sitting in the 
middle is an unobstructed view of all 
of the CRTs (Cathode Ray Tubes), the 
gauges and the meters. It is better than 
the view the pilot and the commander 
have because they are sitting closer to 
the panels and their helmets obscure 
their view. So if something happens, 
typically I might be the first person to 
see it." 

The remainder of the countdown 
passed without incident until the last 
minute. Shortly before the ground 
computers were due to hand control to 
the Shuttle's onboard systems, a 
valve was found to be incorrectly posi¬ 
tioned. The countdown was held at T- 
31 seconds. Engineers quickly traced 
the cause to a software problem. Ear¬ 
lier in the month a water line had burst 
and shorted out electrical equipment 
which put a Launch Processing Sys¬ 
tem control room out of action. The 
incident prompted engineers to look at 
the effect of such an incident during 
the last minutes of the countdown. 
They concluded some computer soft¬ 
ware would have to be changed to 


prevent damage to the vehicle. How¬ 
ever, the changes were not thoroughly 
tested and the result was that a liquid 
oxygen valve did not close at the cor¬ 
rect time, T-48 seconds. Engineers 
successfully commanded the valve to 
close and Launch Director Bob Sieck 
ordered the countdown to resume im¬ 
mediately. 

At T-6.6 seconds the three main 
engines ignited at 120 millisecond 
intervals and reached 100 percent 
thrust within four seconds. At 
08:33:51 EDT the two Solid Rocket 
Boosters ignited, lifting the Shuttle off 
the launch pad. Each SRB produces 
3.3 million pounds of thrust and burns 
5 tons of propellant per second. The 
motors’ exhaust gas has a tempera¬ 
ture of 6,100 degrees F, about two- 
thirds the temperature of the surface 
of the Sun. The gases exit the booster 
through a 54 inch diameter opening in 
the nozzle at a speed of more than 
6,000 miles per hour, about five times 
the speed of sound. 

At T+4 seconds the three main 
engines throttled up to 104 percent. 
Three seconds later Discovery had 
cleared the 347 ft high launch tower. 

Shuttle Reaches New Heights 

Discovery was heading towards the 
highest orbit in Shuttle history. The 
ascent profile was a direct insertion 
with the main engines placing the 
orbiter in a 325 x 27 n.m. orbit. 

Trailing a 500 ft flame as bright as 
the Sun, the Shuttle broke through a 
thin layer of cloud and continued 
upwards. The two SRBs separated 
from the External Tank at T+2 min 6 
sec and parachuted into the Atlantic. 
During recovery it was discovered that 
the aft left-hand Integrated Electronic 
Assembly (IEA) had been knocked off 
the booster, apparently by impact with 
the water, and was hanging by its 
cables. The IEA is located on the 
External tank attach ring and routes 


commands from the orbiter to the SRB 
systems. 

The orbiter’s main engines were 
shut down eight minutes and 32 sec¬ 
onds after launch, at which point the 
Shuttle had reached a velocity of 
25,841 ft per second. Separation of 
the External Tank occurred next. Dis¬ 
covery fired its Reaction Control Sys¬ 
tem (RCS) thrusters to separate from 
the 154 ft long tank. At separation a 
valve, located in the nose cap of the 
tank, opens releasing pressurised liq¬ 
uid oxygen, thus causing the tank to 
tumble and break-up harmlessly over 
the Pacific Ocean. The External Tank 
break up was tracked by NORAD ra¬ 
dars. 

At T+48 minutes the crew made a 
four and a half minute burn of the OMS 
to circularise Discovery’s orbit at 311 
x 331 n.m. Shortly after the start of 
orbit 2 Charlie Boiden opened the 
Payload Bay doors and Mission Con¬ 
trol gave the crew a ’go’ for on-orbit 
operations. 

Day One: April 24, 1990 

The crew spent most of the first day 
in orbit preparing for the deployment 
of the HST. Steve Hawley powered up 
the RMS at 1*+2 hr 54 min and began a 
checkout of the arm’s various systems 
and operating modes. He then used 
the black and white camera at the end 
of the arm to examine the telescope for 
any damage that might have occurred 
during launch. 

After completion of the post ascent 
checkout, preparations for a possible 
space walk began: 

“The first thing that Bruce and I did 
was to start the pre-breathe process - 
breathing pure oxygen,” Kathy Sulli¬ 
van told Spaceflight. “The pre¬ 
breathe was the precursor to lowering 
the pressure in the entire cabin from 
14.7 psi to 10.2. We have used this 
protocol on a number of Shuttle flights. 
It requires that the EVA crew members 
have been on pure oxygen before you 
start the cabin pressure down and not 
to come off the oxygen until the cabin 
is at 10.2 psi. 

Depressurisation occurred about 
four hours into the flight. The change 
in pressure would reduce the length of 
time Sullivan and McCandless would 
have to breathe pure oxygen prior to a 
spacewalk, if it became necessary. 

‘The major activity for the afternoon 
was to go through a detailed checkout 
of the space suits and to finish rigging 
the tool caddy that we had designed 
specifically for this flight to carry the 
various power tools, batteries, 
wrenches and so forth that we might 
need for the different tasks out on the 
telescope,” Sullivan said. There were 
two full EVA suits aboard Discovery 
and one spare upper torso section. 

The crew activated umbilical power 
to the Hubble Space Telescope about 
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four hours 30 minutes into the mission. 

Cheers and applause from the team 
at Space Telescope Operations Con¬ 
trol Center (STOCC) at the Goddard 
Space Flight Center, greeted the first 
signals from the HST. Commands to 
turn on the telescope's transmitters 
were sent at 13:21 EDT. 

“It was fantastic. It give you goose 
bumps when you send in those first 
commands in the blind and the tele¬ 
scope talks back to you,” said Jean 
Olivier, deputy HST project at the 
Marshall Space Flight Center. “Initial 
telemetry showed that the telescope 
made it into orbit in good shape,” re¬ 
ported Olivier. 

The initial commands were followed 
by a series of commands to activate 
power circuits between the tele¬ 
scope's support systems module and 
the optical telescope assembly, which 
cleared the way for activation of the 
heaters that keep the telescope’s 
sensitive optics at a constant tem¬ 
perature. 

Checkout of the HST continued 
through the night. 

Meanwhile, in the crew compart¬ 
ment, the Protein Crystal Growth 
(PCG) experiment was activated. The 
crew went to bed about 11 hours after 
launch. 

Day Two: April 25, 1990 

The crew began their day at 02:43 
CDT when CAPCOM Kathy Thornton 
woke the crew with ‘Space is Our 
World’, an original song written by the 
Houston band ‘Private Numbers' with 
the help of the STS-31 training team. 

The morning teleprinter messages 
included congratulation for Steve 
Hawley for improving his launch aver¬ 
age to 0.231 with 3 launches in a rec¬ 
ord 13 countdowns! 

Following a private medical confer¬ 
ence with the Flight Surgeon, Kathy 
Sullivan and Bruce McCandless were 
pronounced fit for a space walk. The 
two astronauts then began final EVA 
preparations. 

“We got ourselves essentially partly 
dressed,” Sullivan explained. “We got 
our bio-medical instrumentation har¬ 
nesses on, donned the cooling gar¬ 
ments and then covered up with some 
cotton clothing so we would not snag 
any of the water tubes and damage the 
cooling garment. We rigged the airlock 
to the stage right before you jump in 
and don the suits.” 

The crew were given a ‘go’ to begin 
deployment operations at 05:37 CDT. 
Steve Hawley began the process when 
he attached the RMS to Hubble's star- 

TOP: A solar array mast is swung into position 
as the telescope remains attached to the RMS. 

CENTRE: The telescope with solar arrays de¬ 
ployed 

BOTTOM: Hubble floats free for the first time 
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board (right) grapple fixture. Once the 
arm had a firm grip on the telescope, 
the five latches that had held the HST 
is position were released. 

The telescope was transferred to 
internal power and the crew discon¬ 
nected the HST umbilical from Discov¬ 
ery. Now running on its own power the 
telescope had to deploy its solar ar¬ 
rays before the onboard batteries ran 
down. 

Steve Hawley explained the task 
ahead of him: "The telescope is 


launched in the bay with the mirror at 
the aft end of the payload bay with the 
aperture pointing towards the crew 
module. Once it is on orbit, for release 
the telescope needs to be positioned 
so that the aft bulkhead of the tele¬ 
scope is pointing towards the nose of 
the Shuttle. So what that means for the 
arm operator is that he has to lift the 
telescope out of the payload bay and 
get it high enough - about 15 feet - 
above the bay so you can rotate it end 
to end. Then put it in a position that is 


a little bit forward over the crew mod¬ 
ule so that you can look out of the big 
overhead windows and monitor the 
deployment of the appendages.” 

As Hawley lifted the telescope from 
the bay, the large aperture door 
blocked the view from the crew com¬ 
partment. 

“That was probably the most difficult 
part of the operation," said Hawley. 
“As soon as you start to lift the tele¬ 
scope up all you can see out the aft 
window is basically your own reflection 
in the aperture door. However, we do 
have payload bay television cameras 
- four of them, one located in each 
corner of the bay - which give you a 
view down the sides as you lift it up. 
Plus we have a television camera that 
is located in the bottom of the payload 
bay that is looking up at the underside 
of the HST. In addition, the arm itself 
has a coordinate system and a digital 
display of the telescope’s position and 
that gives you some clue as to what is 
happening. All of that information to¬ 
gether enables you to maintain the 
telescope in a position away from the 
orbiter structure. As soon as you can 
get it, maybe five or six feet out of the 
bay then it becomes a lot easier. You 
can see better and you have a lot more 
room to manoeuvre.” 

With the telescope correctly posi¬ 
tioned above the payload bay, wori< to 
deploy the British Aerospace solar 
arrays began. Problems began almost 
immediately. Although the masts con¬ 
taining the solar arrays appeared to 
have swung to the correct position, 
telemetry from microswitches on the 
mast indicated they were not locked in 
place. 

Engineers on the ground eventually 
corrected the problem but by the time 
the first solar array was due for deploy¬ 
ment the operation was two hours 
behind schedule. 

Mission Control asked Sullivan and 
McCandless to start donning their 
space suits. As Sullivan explained: 

“Our flight rules stated that once we 
pulled the electrical power umbilical, 
if the total deploy process got more 
than an hour and a half behind, the EVA 
crew would start donning suits be¬ 
cause we had a finite amount of time 
that we could have the telescope run¬ 
ning on its own batteries without solar 
arrays out. So our first call to go down 
and start EVA prep was in response to 
that sort of situation - a general delay 
with the solar arrays. So we were 
asked to move closer to getting out the 
door. 

“Almost immediately after that call 
came aboard they were ready to de¬ 
ploy the first solar array. We decided 
onboard it would be worth Bruce and I, 
who have a rather greater feel and 
understanding of the solar arrays than 
some of the rest of the crew, that we 
should stay on the flight deck and help 


HUBBLE DEPLOYMENT SEQUENCE 


1. Hubble Space Telescope, Stowed Con¬ 
figuration. 

2. Remote Manipulator Systsn; (RMS) 
grapple of Hubble space Telescope at 
starboard (right) side grapple fixture. 

3. Low hover position from umbilical dis¬ 
connect. 


4. 90 deg roll position provides clearance 
between Hubble Space Telescope and 
RMS. 

5. High hover position. 

6. 90 deg pitch position. 

7. Appendage deploy position. 

8. Release position. 
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Three crewmemDers watch the HST through the overhead windows. Left to right Bruce McCandless, Steve Hawley and Loren Shriver. 

High-angle fish eye view on Discovery's middeck. Kathy Sullivan works with the IMAX camera while Steve Hawley consults a checklist in comer. An Arriflex 
camera records the student ion arc experiment, mounted on stowage lockers. NASA 
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the array continued to unfurl until it 
reached its full length. 

At 14:37 CDT Steve Hawley re¬ 
leased the arm’s grip on Hubble as 
Discovery passed over the South 
Pacific, approaching the west coast of 
Ecuador. 

Two separation bums were made to 
move Discovery away from the tele¬ 
scope. Sullivan and McCandless re¬ 
mained in the airlock until Hawley 
cradled the RMS incase they were 
need to latch the arm down manually. 

Was Kathy Sullivan disappointed 
she had missed the excitement of 
deploy because she was shut in the 
airlock? “I wasn’t really at the time. Yes 
and no. It had become clear to me on 
the ground during simulations that 
probably one of the more likely ways 
that the day would go, would involve 
my not seeing deploy. That does not 
strike you quite as much on the ground 
because the visuals in the simulator 
are some what missable. Once you are 
up there in orbit for real and you see 
the telescope itself on the arm in ap¬ 
pendage deploy position and then a 
little while later see some of the pho¬ 
tos and realise ‘gosh I was eight feet 
away from all that and couldn’t even 
see it or hear the excitement of what 
was happening.’ As we get a little fur¬ 
ther away from it, watching Steve and 
Charlie, I guess I feel they are proba¬ 
bly a notch or so more ’pumped’ about 
the flight than I feel because they ac¬ 
tually got to see and do the pivotal 
exciting event of the flight and I did 
something I had simulated innumer¬ 
able times - I went and hovered in the 
airlock with a really rotten view! But it 
was not a great a blow to me. It was 
what I expected would happen." 

The crew concluded a busy day by 
activating the Investigations into Poly¬ 
mer Membrane Processing (IPMP) 
experiment. 

Day Three: April 26, 1990 

The crew were woken on their third 
day in space with “Shout” by Otis Day 
and the Knights for the soundtrack of 
the movie ‘Animal House’. They also 
received congratulations from the 
HST team members. 

During the day the orbiter assumed 
a gravity gradient attitude with its nose 
pointing towards Earth and its open 
payload bay doors facing north. This 
position was to test the arbiter's abil¬ 
ity to stay in a stable attitude using the 
influence of gravity rather than RCS 
thrusters. 

Kathy Sullivan and Charlie Bolden 
worked with the Student experiment 
later in the day (see boxed item). Sul¬ 
livan explained what she saw: “The 
spark originated at the point of a 
number six common nail and the con¬ 
tact point on the other end was the 
head of another common nail. The one 
end remained anchored quite firmly to 
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observe the deploy of that first wing." 

The first array rolled out of its cas¬ 
sette without major incident. How¬ 
ever, when the crew sent a halt com¬ 
mand it cut off data confirming the 
array was deployed and locked. Fur¬ 
ther checks had to be made to confirm 
the arrays were in place, delaying the 
deployment of the second array fur¬ 
ther. 

‘Things were still slow enough that 
Houston repeated once more that they 
felt we should get down below and get 
ready," said Sullivan. “So we went 
down and got ourselves suited up. We 
were actually down below when prob¬ 
lems occurred with the second array.” 

As the second array began to unfurl 
it abruptly stopped. The system was 
designed to halt the process if ten¬ 
sions on the array are 10 lb or more. 

Meanwhile, in the orbiter airlock, 
Kathy Sullivan and Bruce McCandless 
were in the final stages of preparation 
for a space walk. 

“We were in the airlock and the air¬ 
lock pressure was going down,” Sulli¬ 
van recalled. “I was reviewing the 
procedures on my cuff checklist and 
mentally rehearsing what tools and 


procedures I would need to do to roll 
out that array. It happened to be such 
that for the wing that was having the 
problem the prime person for rolling 
the blankets out by hand was actually 
me. It sounded fairly clear to me that 
the problem was not a mechanical one. 
There was not something that had 
jammed or broken which might not 
have been fixable with a manual tool. 
It seemed pretty clear there was some¬ 
thing In the software that was prevent¬ 
ing the process from going on. So I was 
quite confident that if it did end up in 
our laps the tool would work and it 
would go fine." 

On the flight deck the other crew 
members were taking a close look at 
the array and reported they could see 
no problem. The telescope instru¬ 
ments were not detecting any prob¬ 
lems so, 30 minutes after the first at¬ 
tempt, the array was once again com¬ 
manded to unfurl. The panel began to 
unroll, but stopped shortly afterwards 
for the same reason as before. 

Engineers at the Goddard Space 
Flight Center decided to disable the 
tension warning system and try to 
deploy the array a third time. This time 


Kathy Sullivan poses with her space suit. 
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the tip of the nail and the downstream 
end danced around on the flat head of 
the nail." 

Day three gave the crew an oppor¬ 
tunity for further Earth observation 
photography from their unique alti¬ 
tude. Steve Hawley described the 
view: “The thing that you see that is not 
so apparent from lower down is the 
grandeur. I was surprised how much 
of the continents you could see at 
once. I have always said that one of the 
problems with trying to get your bear¬ 
ings for Earth observations from (he 
Shuttle is that the world does not look 
like maps. You have to become famil¬ 
iar with the terrain and the sights you 
are looking for. It turns out that from 
330 miles it almost does look like 
maps. It is easier to know where you 
are because you can see far more 
recognisable shapes. We could see 
half way across the United States from 
east to west and we could see com¬ 
pletely across the United States from 
North to South. That was very interest¬ 
ing. 

“One of the comments I made to one 
of the other crew members was that on 
my previous flights it had felt very 
much like flying, higher and faster, but 
a lot like flying. At this altitude it did not 
feel like flying any more, it really felt 
like being in orbit. The Earth looked 
more like a planet, more so than it had 
on my previous flights and I thought 
that was dramatic.” 

Before the end of Day Three the 
crew completed a small RCS bum that 
would moved Discovery within 40. 
nautical miles of the HST by wake-up 
time on Day Four. Prior to the burn 
Discovery was trailing the telescope 
by about 54 nautical miles. 

Day Four: April 27, 1990 

The Beach Boys’ ‘Kokomo’ woke the 
crew at 01:33 CDT at the start of their 
fourth day in space. Steve Hawley is 
practising the song as keyboard 
player for the all-astronaut band Max 
Q. 

The main event of the day was the 
opening of the HST aperture door. 
Kathy Sullivan and Bruce McCandless 
were standing by for a space walk to 
open the door manually should the 
door fail to reach its full 105 degree 
position. While they waited the crew 
performed a two second RCS bum to 
refine their station keeping position 
further. 

The first attempt to open the aper¬ 
ture door was unsuccessful because 
the telescope’s onboard computer 
place the vehicle in an inertial hold 
safe-mode. This safe-mode was trig¬ 
gered when the computer detected 
problems with the high gain antenna. 
In inertial hold safe-mode, the com¬ 
puter maintains the telescope in its 
current attitude. 

A second attempt to open the door 








The STS-31 astrmate got a lazier view of the Earth than any US mission since the Apollo era. The 
curvature of the Earth, not noonrty- so prominent in Shuttle photographs. NASA 


began at 08:46 CDT. Seventeen min¬ 
utes later, Pete Patero, Shift Supervi¬ 
sor at the STOCC informed the control 
team: “We have aperture door open." 
The information was relayed to Mis¬ 
sion Control. CAPCOM Story 
Musgrave informed the crew. 

“Discovery, Hubble is open for busi¬ 
ness,” he radioed. 

“That’s outstanding!" Replied 
Hawley. 

“All the Hubble family send you 
congratulations and appreciation for a 
job well done," Musgrave said. 

‘Well, a lot of people had a lot to do 
with it and we are just proud to have 
been part of the team that put the ob¬ 
servatory in business,” said Hawley. “I 
don't suppose they'd want to give 
many any time on it, would they?” He 


Joked. Hawley is a qualified astrono¬ 
mer. 

At 09:30 CDT Musgrave told the 
crew: “You’ve been released from 
Hubble support. It’s on its own. Thanks 
a lot.” 

With the possibility of a space walk 
over, the crew were able to repressur¬ 
ise the crew cabin to the normal 14.7 
psi. Th'e crew fired the thrusters to 
separate from the telescope. The 13 
second burn at 14:05 CDT placed the 
orbiter in a 332 x 328 nautical mile 
orbit. A second burn at about 14:50 
CDT stabilised the new orbit. 

During the day Steve Hawley dis¬ 
played one of the minor discoveries 
during the flight to Mission Control: a 
watch lost by Astronaut Sonny Carter 
during Discovery’s last mission. 


Student Experiment: 
Arcs in Space 


The student experiment carried on STS-31, 
selected in 1982, was proposed by Gregory 
S. Peterson, formerly of Box Elder High 
School, Brigham City, Utah. The experi¬ 
ment is designed to study the effect of 
weightlessness on electrical arcs. 

In a normal Earth environment when elec¬ 
tricity moves through the air between two 
points, air molecules become charged and 
form an ion path. This ion path is electrically 
more conductive than the surroundng air. 
Convective currents caused by the heating 
of the air around the arc tend to force the arc 
to rise, known as the ‘Jacob’s ladder* effect 

In a weightless environment convection 
currents cannot be created in this way, so 
the arc will behave differently. Peterson’s 
experimental apparatus consists of 4 
sealed aluminium arc chamber box within a 
sealed aluminium outer box. Both boxes 


have a window in which a wire screen is em¬ 
bedded to prevent the escape of electro¬ 
magnetic interference while allowing view¬ 
ing and photography. Both boxes are filled 
with a mixture of 87% argon and 33% nitro¬ 
gen to prevent the formation of ozone. 

The experiment was conducted on Day 
Three of the mission. The apparatus was 
taped to the middeck locker rack and fitted 
with a 16mm Arriflex camera. Arcs were 
generated .at five different magnetic field 
strengths. The experiment took less than an 
hour to perform. 

The student experiment was sponsored 
by Thiokol, the manufacturers of the 
Shuttle’s Solid Rocket Boosters. Greg Pe¬ 
terson is now a student at Utah State Uni¬ 
versity. The experiment was built by the 
University’s Space Dynamics Lab. 
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i The STS-31 crew pose for a postlanding photograph at Edwards AFB. (Left to right) Steve Hawley, 
Charlie Bolden, Kathy Sullivan, Loren Shriver and Bruce McCandless. NASA 


“I do not know of another case where 
we have lost something that was sub¬ 
sequently found on the next flight," 
Hawley told Spaceflight. “It is not 
unusual to see perhaps a tool that was 
left by a ground worker or maybe a 
screw or a piece of equipment that had 
floated loose during the ascent vibra¬ 
tion. That was more common in the old 
days than it is now. A lot more atten¬ 
tion is being paid to cleanliness and 
keeping debris down in the crew mod¬ 
ule. 

‘They looked very hard post-land¬ 
ing to find Sonny’s watch but they 
couldn’t find it." in zero-gravity one of 
the major factors in moving things 
about is the general airflow. Typically 
the air will take stuff and deposit it on 
one of the filters located in the orbiter. 
So if you lose something you can wait 
a while and then go look in the filter and 
you will find it and that is where we 
found the watch.” 

The astronauts took more IMAX 
film. Their targets included the Gulf 
Coast of Tampico, Mexico, coastal 
Peru and the Paraguay-Brazil border. 
Work also continued with secondary 
experiments. 

The crew members went to bed at 
about 16:30 CDT. As the astronauts 
slept Discovery passed about two 
miles below and 350 ft to the left of the 
orbiting observatory. Discovery would 
be about 80 nautical miles ahead of 
Hubble by wake-up time on Day Five. 

Hubble experienced further prob¬ 
lems following the opening of the 
aperture door. The movement of the 
door apparently caused two of the tele¬ 
scope's four rate gyros to go out of 


limits. The onboard computer took one 
of the gyros off line and placed the 
spacecraft in a second safing state, 
known as ‘software sunpoint’, that 
maintains the top of the telescope and 
its solar arrays pointing the Sun. 

After studying the data from the 
gyros, the control team sent com¬ 
mands to return the vehicle to full fpur- 
gyro control. It took almost 14 hours to 
return the telescope to its normal 
operating mode. 

Day Five: April 28, 1990 

The five astronauts spent most of 
their final full day preparing for land¬ 
ing. The standard Flight Control Sys¬ 
tems (FCS) checkout and a hot fire test 
of the RCS thrusters was conducted. 
During the FCS checkout the crew 
members started an APU, configured 
the hydraulic systems for reentry, 
examined the guidance sensors sys¬ 
tems and tested Discovery’s speed 
brake, rudder, elevons and body flap. 
During the tests a fuel pump heater 
failed on APU No.3. The crew switched 
the unit to a back-up heater. 

Later in the day the crew spoke with 
reporters during an inflight press con¬ 
ference. They deactivated the PCG 
experiment and began to stow cabin 
equipment. 

Day Six: April 29, 1990 & Landing 

Discovery made a perfect touch¬ 
down at Edwards Air Force Base at 
06:49 EDT. The descent sequence 
began about one hour 30 minutes 
before touchdown when the crew 
manoeuvred the orbiter so its tail was 
pointing in the direction of travel. At 


07:37:26 CDT, as Discovery passed 
over southern Africa, the two OMS 
engines were fired for about four min¬ 
utes 48 seconds to slow the vehicle for 
reentry. Following the deorbit burn the 
crew turned the orbiter so it was flying 
nose first with its underside towards 
the Earth. At 08:19:21 CDT, over the 
Pacific Ocean, ‘Entry Interface’ oc¬ 
curred, with the orbiter travelling at a 
velocity of 24,700 ft per sec. The pe¬ 
riod of maximum heating during reen¬ 
try occurred about ten minutes later 
soon after the orbiter had passed north 
of Hawaii. A series of banks and roll 
reversals helped to reduce the or- 
biter’s velocity from 24,000. to 3,800 ft 
per sec. As Discovery slowed to Mach 
1 Commander Shriver took manual 
control of the orbiter for the final por¬ 
tion of the landing. Discovery first 
passed over Edwards before Shriver 
executed a 198 degree turn to align the 
orbiter with the Runway. About a min¬ 
ute later Discovery’s main landing 
gear touched down on concrete Run¬ 
way 22 after a flight of five days one 
hour and 16 minutes and six seconds. 
Plans to land on a lakebed runway had 
to be abandoned because of high 
winds. 

Discovery’s descent took about 15 
minutes longer than usual because of 
the mission’s record breaking altitude. 


STS-31 at a Glance 


ORBITER: Discovery OV-103 
LAUNCHED: 13:33:51.0492 BST, 

April 24, 1990 

LAUNCH SITE: MLP-2, Pad 39-B, 
Kennedy Space Center, USA 
LANDED: 14:49:57 BST, April 29. 1990 
LANDING SITE: Runway 22, 

Edwards Air Force Base, USA 
APOGEE: 333 nm 
PERIGEE: 330 nm 
INCLINATION: 28.5 degrees 
DURATION: 5 days 1 hr 16 min 6 sec 
COMMANDER: Loren J. Shriver 
PILOT: Charles F. Bolden (IV 1) 

MISSION SPECIALIST 1: 

Bruce McCandless II (EV 1) 

MISSION SPECIALIST 2: 

Steven A. Hawley 
MISSION SPECIALIST 3: 

Kathryn D. Sullivan (EV 2) 

PRIMARY PAYLOAD: 

Hiijbte Space Telescope 

SECONDARY PAYLOADS 
& EXPERIMENTS: 

Air Force Maui Optical Site Calibration 
Tests (AMOS) 

Ascent Particle Monitor (APM) 

IMAX Cargo Bay Camera (ICBC) 

IMAX (middeck camera) 

Investigations into Polymer Membrane 
Processing (IPMP) 

Protein Crystal Growth (PCG-lll-03) 
Radiation Monitor Experiment 
(RME-III) 

Student Experiment - Ion Arc 
(SE 82-16) 
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Discovery Tests New Brakes 


Before 3T3-31 Discovery was 
equipped with a new carbon brake 
system, that will offer improved 
safety and reliability. The brakes 
are believed to have functioned well 
during Discovery’s landing on April 
29. 

Discovery was selected to be the 
first orbiter to have the new brakes 
installed because instrumentation to 
evaluate the performance of the 
brakes is already fitted on the vehicle. 
Following successful landing tests, 
the carbon brakes will eventually re¬ 
place the older beryllium brakes on all 
Shuttle orbiters. Problems with the be¬ 
ryllium brakes were experienced on 
most of the first 24 Shuttle landings. 

Damage to the beryllium brakes fell - 
into two categories: dynamic or ther¬ 
mal. The dynamic category was usu¬ 
ally damage to rotors and carbon lin¬ 
ing chipping, plus beryllium and pad 
retainer cracks. The thermal damage 
was due to heating of the stator caused 
by energy absorption during braking. 
The beryllium became ductile and had 
a much reduced yield strength at tem¬ 
peratures during braking. Missions 
STS-5, 51-D and 61-C had forms of 
thermal stator damage. 

Before the Challenger accident 
NASA had recognised the brakes’ fail¬ 
ings and in January 1986 began work 
on the new carbon brake system. 

An interim brake was developed for 
the resumption of Shuttle flights. The 
carbon-lined beryllium stator discs in 
each main landing gear brake were re¬ 
placed with thicker discs to increase 
braking energy significantly. Since the 
return to flight only normal wear on the 
brakes has been reported. 

The pure carbon brakes, now being 
introduced, are similar in many re¬ 
spects to the older beryllium brakes 



Dfsxrvtry gfides towards a perfect touchdown at Edwards Air Force Base. 


NASA 


but they differ in performance and life 
expectancy. Passenger planes have 
been using carbon brakes for years. 
They are able to withstand longer dis¬ 
tance braking and higher braking tem¬ 
peratures of up to 2,100 degrees F. 
The nominal temperature operating 
range is 1,200 degrees F. Under nor¬ 
mal braking conditions the carbon 
brakes can be used for 20 or more 
landings before replacement. This will 
save time preparing the orbiters for 
their next flights. 

Additionally, the carbon brakes can 
be applied at landing speeds as high 
as 225 knots. Application of the beryl¬ 
lium brakes were limited to a top speed 
of 180 knots. The carbon brakes will 
also slow the orbiter quicker during its 
landing roll. This is particularly impor¬ 
tant for abort landings on short run¬ 
ways. 

Each of the four main landing gear 
wheels on Discovery are installed with 
the new brakes. They weigh about 180 


pounds each, 30 pounds more than the 
beryllium brakes. 

Similar in size and design to the be¬ 
ryllium brakes, the carbon brakes 
have five rotors (instead of four) and 
four stators (instead of three). The 
stators are attached to a torque tube 
inside the wheels and remain station¬ 
ary while the rotors revolve around 
them. As pressure is applied to the 
brake pedals by the Shuttle pilot, the 
carbon brake pads make contact with 
the stators, slowing the revolutions of 
the outside wheels. 

The brakes were tested at Wright-Pat- 
terson Air Force Base, Dayton, Ohio, 
prior to installation on the orbiter. The 
brakes were tested for the first time un¬ 
der operating conditions during Discov¬ 
ery’s landing at the conclusion of STS-31. 

Successful tests of the new brakes is 
one of a number of steps necessary be¬ 
fore the Shuttle can again land at the 
Kennedy Space. Center. A landing at the 
KSC runway may become possible next 
year. 
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SOYUZ TM-9 DAMAGE 


In the near future cosmonauts 
Anatoli Solovyov and Aleksandr 
Balandin will venture outside the 
Mir space station to examine the 
damage to their Soyuz TM-9 cap¬ 
sule. Special equipment and mate¬ 
rials for the spacewalk were car¬ 
ried to Mir by the Kristall module. 
The 'Western popular press re¬ 
ported the problem as a new 
‘Stranded in Space’ story. In real¬ 
ity the cosmonauts are in no imme¬ 
diate danger. 

Soyuz Damaged During Blast-Off 

During the launch of Soyuz TM-9 on 
February 11, three of the eight insula¬ 
tion blankets covering the space¬ 
craft’s descent module were torn 
open. The damage is believed to have 
occurred about 160 seconds after 
blast-off during separation of the 
launch vehicle’s aerodynamic shroud 
and escape tower. The blankets which 
are normally held in place by clips, pro¬ 
vide thermal protection while the 
Soyuz is in orbit. 

The loose blankets were first no¬ 
ticed by ground controllers as Soyuz 
TM-9 approached the Mir complex. 
Television cameras recording the 
docking showed three objects pro¬ 
truding from the Soyuz craft. The 
Flight Control Centre asked cosmo¬ 
nauts Aleksandr Viktorenko and 
Aleksandr Serebrov to investigate the 
problem further when they left Mir. Fol¬ 
lowing their undocking on February 
19, they flew around the space station 
and examined the Soyuz TM-9 craft. 
The cosmonauts were able to confirm 
that three insulation blankets had 
come loose. One blanket was at an 
angle of almost 90 degrees to the 
spacecraft while the other two were 
angled at about 60 degrees. The cos¬ 
monauts took photographs of the 
damage before leaving the vicinity of 
Mir. 

Special Attitude for Station 

In mid-April the May issue of 
Spaceflight gave the first detailed re¬ 
port of the problem. Dr Leonid Gor¬ 
shkov of NPO Energia told the maga¬ 
zine the Kristall module would carry 
‘special equipment and materials' to 
repair the module. He explained that 
to avoid extremes of temperature the 
attitude of Mir was being carefully 
controlled. 

Deputy Flight Director Viktor Blagov 
later revealed that for “one third of the 
day the complex is heated by the Sun, 


Cosmonauts Anatoli Solovyov (left) and Aleksandr Balandin will attempt a difficult space walk to repair 


their Soyuz craft 

By Neville Kidger 
and 

Steven Young 

during another third the flight is made 
in the [Earth’s] shadow and the rest in 
a moderate zone.” He stressed that 
normal temperatures were being 
maintained. 

Gorshkov said the special attitude 
“restricts the research programme. 
Each experiment that involves point¬ 
ing the space station has to be re¬ 
evaluated. To prevent damage to the 
capsule we sometimes have to reject 
an experiment that points Mir at a 
particular area of the sky or Earth if the 
station has to be kept in the same 
position for too long.” In addition, the 
thermal protection attitude is reducing 
the power output of the station’s solar 
arrays. 

Blagov said the internal tempera¬ 
ture of Soyuz was “controlled by on 
board systems. The loose blankets 
should have no effect on the tempera¬ 
ture. The capsule temperature was 
reported to be 24-26 degrees C. 

Officials of NPO Energia, ques¬ 
tioned for Spaceflight in June, con¬ 
firmed that there had been no damage 
to any of the Soyuz TM-9 on board 
systems due to condensation or ex¬ 
tremes of temperature. 


Novosti 

Sensors Blocked 

Press reports revealed a new ele¬ 
ment to the story. Apparently the tom 
blankets are blocking the view of the 
Soyuz’s horizon sensors and an infra¬ 
red vertical reference sensor, equip¬ 
ment critical for the determination of 
the Soyuz’s attitude prior to retrofire 
and reentry. Readers will recall the 
problems of Soyuz TM-5 due to the IR 
sensor in 1988. 

The obstruction of the sensors 
could be the most dangerous aspect 
of the problem. In an emergency the 
cosmonauts may have to board Soyuz 
TM-9 and make a quick return to Earth. 
If such an incident were to occur they 
would have to find alternative methods 
or orientating their capsule for reen¬ 
try. 

Heat Shield Worry 

Another area for concern must be 
the condition of the reentry insulation 
exposed by the ripped blankets. When 
Spaceflight was briefed about the 
problem, Dr Gorshkov explained that 
the Soyuz descent module was pro¬ 
tected by two layers of insulation. 
Beneath the damaged blankets is a 
second layer of insulation designed to 
protect the capsule from the heat of 
reentry. Significant damage to this 
heat shield could seriously threaten 
the lives of the cosmonauts. 

The heat shield may have been dam¬ 
aged when the top layer of blanket 


Cosmonauts Face Difficult Repair 

Spacewalk will Reveal Extent of Soyuz Damage 
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peeled away from the spacecraft. The 
blankets were not designed for con¬ 
stant exposure to space. It Is possible 
the harsh' environment has damaged 
the heat shield in Some way. The 
change in temperature as the space 
station passes from night to day and 
vice-versa twice every 90 minutes 
could cause the heat shield material to 
expand and contract, weakening it and 
its bond to the capsule’s metal hull. 

One of the major reasons for the space- 
walk will be to examine the heat shield. If 
significant damage is found it is unlikely 
it could be repaired in orbit. If this was the 
case, the Soviets would have to launch a 
unmanned Soyuz to replace Soyuz TM-9. 


No Danger Say Soviets 

The problem was not reported in the 
popular press until May 18, when the US 
magazine Aviation Week and Space 
Technology published details of the dam¬ 
age. However, the Soviets have been 
quite open about the subject. Blagov first 
revealed the problem on Soviet television 
on February 23. He said the main concern 
was to avoid condensation in the Soyuz 
interior. Blagov said the two cosmonauts 
were to make an EVA to rectify the prob¬ 
lem. 

The Soviet have been quick to deny 
Western reports that the cosmonauts are 
stranded in space. On May 21 Radio 
Moscow reported Leonid Lazarevich said 


that he had not seen “any evidence of 
distress or a breakdown” during his vis¬ 
its to the Flight Control Centre. He said 
there was “no reason for the distressing 
reports". 

On May 22 TASS carried a long item 
which sought to play down the problem. 
Blagov told the agency that he was sur¬ 
prised by the foreign concern about 
Soyuz TM-9's condition and stated that 
stories that “the two cosmonauts have 
been left without any real possibility or 
returning to Earth... [were] completely 
groundless... [and] simply incorrect.” 

He ventured that the Western stories 
were the result of foreign competitors 
“whipping up the situation... [because] 


not everyone likes the fact that over the 
past few years the Soviet Union has 
thrown open wide the 'gates of space' to 
international cooperation.” 

Blagov found the reports “incompre¬ 
hensible” when the Soviets had already 
said, as far back as February, that the 
damage to Soyuz did not represent any 
danger to the Solovyov and Balandin. He 
questioned why the Western media had 
“suddenly remembered” this later and 
only displayed anxiety over the crew’s 
lives after three months. 

On May 28, the two cosmonauts flew 
Soyuz TM-'S from Mir's multiple docking 
adaptor to the rear port, proving the integ¬ 
rity of the craft’s onboard systems. 


Difficult Spacewalk Ahead 

Anatoli Solovyev and Aleksandr Bal¬ 
andin face a difficult repair task when they 
make their spacewalk. Neither of them 
has actual EVA experience but both will 
have spent many hours training for one in 
the water tank at Star City. 

The path to the Soyuz descent module 
is complicated. The Soyuz has no hand¬ 
holds to help the cosmonauts move along 
its surface. The exterior of spacecraft 
bristles with antennae that could be 
damaged or puncture the cosmonauts’ 
spacesuits. 

It was decided that the cosmonaut 
manoeuvring unit, tested earlier this year 
(see p.228), would be unsuitable for this 
operation. If the unit was used, one of the 
cosmonauts would have to remain behind 
to operate the safety tether winch from 
the Kvant-2 aitjock. Also, the unit would 
not provide a stable enough work platform 
to perform" the repair. Instead the cosmo¬ 
nauts will use what has been described as 
a ‘ladder’ to reach the damaged area. The 
20 ft long ladder was delivered by Kristall. 
The Soviets have not revealed whether 
the cosmonauts will leave Mir via the 
multiple docking adaptor or the Kvant-2 
airlock. 

The EVA will be attempted before late 
July when the next crew is scheduled to 
arrive onboard the space station. 

Solovyov and Balandin will have re¬ 
ceived instructional material from the 
ground including video tape of cosmo¬ 
nauts, probably Gennady Manakov and * 
Gennady Strekalov, rehearsing the diffi¬ 
cult spacewalk in the water tank at Star 
City. 


A'Soyuz ^racecratt undergoes final launch preparations before mating with its booster. The blankets 
which cover the spacecraft can be clearly seen. Three of these blankets on Soyuz TM-9 have peeled 
away. 
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Columbia Delay Affects 1990 
Shuttle Schedule 


The launch of Columbia has been de¬ 
layed until August after a liquid hydro¬ 
gen leak was discovered during the 
countdown for STS-35. The Shuttle 
had been scheduled to launch the As¬ 
tro-1 observatory Into orbit for a nine 
to ten day mission. The delay has 
caused a major reorganisation of this 
year’s Shuttle schedule. NASA will 
also face a major revision of the mani¬ 
fest for the coming years. 

The launch of STS-35. scheduled for 
00:38 EOT on May 30, was aborted six 
hours before blast-off when sensors de¬ 
tected a sudden rise in the concentration 
of hydrogen in Columbia’s aft compart¬ 
ment. In a statement, Launch Director 
Bob Sieck said the vehicle was never in 
an unsafe condition as the concentration 
of hydrogen did not reach safety limits. 
Sieck said a new launch date would not 
be set until the problem was identified and 
corrected. 

During the countdown fuel is pumped 
into the large orange external tank 
through the main engines, which are 
housed in the order's aft compartment 
The first stage of fuelling, known as ‘slow 
fill’, cools the main engines and the fuel 
lines to prevent thermal shock when the 
bulk of the propellant is loaded. Once the 
‘chilldown’ of the propulsion system is 
complete the majority of the propellant is 
loaded. It was at the start of this ‘fast fill’ 
mode that the leak began to emerge. 

A helium pressurisation test revealed 
a small leak in a, 0.25 inch flex line con¬ 
nector in the liquid hydrogen manifold. 
However, engineers decided that the leak 
was too small to have been responsible 
for the hydrogen concentration detected 
during the countdown. Shuttle managers 
decided to fuel the external tank to pinpo¬ 
int the hydrogen leak. Before the tanking, 
additional sensors, mass spectrometers 
and closed circuit television cameras 

Engineers make a close inspection ot the 17-inch 
disconnect area between Columbia and the ex¬ 
ternal tank at pad 39-A. NASA 



were installed in the aft compartment to 
help locate the leak. 

During the tanking test on June 6, 
the leak re-appeared when the fast-fill 
mode began. It was pinpointed in the area 
of the orbiter/extemal tank interface on 
the left hand side of the vehicle. It was 
impossible to tell if the leak was located 
on the orbiter or external tank side or if the 
large 17-inch liquid hytfrogen feed line or 
the four-inch recirculation disconnects 
were responsible. 

Shuttle Shuffle 

Columbia had to be returned to the Ve¬ 
hicle Assembly Building (VAB) where it 
could be demated from the tank. A delay 
of a least a month was inevitable so 
Shuttle managers decided to fly the De¬ 
partment of Defense mission, STS-38, 
before STS-35. 

The roll back of Columbia was compli¬ 
cated because both VAB High Bays were 
occupied by Shuttle hardware. In High 
Bay 1 the stack for STS-38 was being 
prepared and in High Bay 3 the Solid 
Rocket Boosters (SRBs) for STS-40 were 
being assembled. 

The STS-40 SRBs - one fully stacked 
and the other less than half complete - 
were moved to launch pad 39-B leaving 
High Bay 3 vacant. Then, on June 12, 
Columbia was rolled back to the VAB and 
placed in the empty bay. On June 18 the 
STS-38 stack was rolled out to pad 39-A, 
allowing the STS-40 boosters to return to 
the VAB. 

Columbia has been demated from the 
External tank and moved to the Orbiter 
Processing Facility Bay 2 where the pay- 
load bay doors can be opened to continue 
servicing the Broad Band X-Ray Tele¬ 
scope with cryogenic argon. The sus¬ 
pected liquid hydrogen disconnect um¬ 
bilical plate will be removed and re¬ 
placed. According to Shuttle chief Bob 
Crippen, STS-35 will almost certainly fly 
with a new External Tank. 

Coolant Valve Fixed 

The liquid hydrogen leak is the second 
major delay to hit Columbia. The launch 
of STS-35 was originally set for May 17, 
but erratic readings from a flow valve on 
one of the orbiter’s two Freon coolant 
loops forced a delay while the valve was 
replaced. The coolant loops channel heat 
away from orbiter and payload avionics 
electronics equipment. 

Work to replace the valve began imme¬ 
diately and technicians were able to 
remove the faulty unit on May 15. It was 
taken to the Rockwell Service Center at 
Cape Canaveral for failure analysis. 

Preliminary analysis showed frag¬ 
ments of the valve’s inlet filter on two of 
the valve’s other filters. Inspections of 
the lines where the valve was removed 


revealed no other contamination. 

A spare valve was installed in the loop 
on May 16/17. Following installation, all 
connections were verified and the system 
was refilled with seven gallons of refrig¬ 
erant. 

The valve became suspect during rou¬ 
tine testing that showed the flow through 
the valve was degraded and below the 
level acceptable for launch. 

New 1990 Schedule 

The STS-35 delay has prompted a re¬ 
vision of this year’s Shuttle schedule. 
NASA has successfully launched three 
Shuttle missions in 1990 and was plan¬ 
ning a further six flights before the end of 
the year. Columbia was due to fly three 
missions. 

Bob Crippen announced the new 
schedule at a Washington news confer¬ 
ence: 

- STS-38, the classified DoD mission, 
will be launched in mid-July as origi¬ 
nally scheduled. 

- STS-35, carrying the Astro observa¬ 
tory, will fly in mid-August. 

- STS-41 to deploy the Ulysses probe 
will blast-off as originally scheduled 
on October 5. 

- STS-37, carrying the Gamma Ray Ob¬ 
servatory, will fly in early November. 

- STS-40, Spacelab Life Sciences, will 
be launched in December. 

More information on each mission fol¬ 
lows: 


STS-35 

Astro 


Columbia wil be returned to pad 39-A after 
the launch of STS-38. Columbia must be 
launched from pad A because pad B is not 
equpped to service the orbiter’s five cryo¬ 
genic tanks that enable it to fly missions of 
up to ten days. In addition, launching from 
pad A leaves pad B clear for the STS-41 
Ulysses mission. 

The crew for STS-35 are Commander 
Vance Brand, Pilot Guy Gardner and Mis¬ 
sion specialists John Lounge, Jeffrey 
Hoffman and Robert Parker. Payload Spe¬ 
cialists for STS-35 are Ronald Parise and 
Samuel Durrance. 


STS-41 

Ulysses 


Discovery is scheduled to fly the most im¬ 
portant mission of the year, the deployment 
of the Ulysses probe. The probe will use the 
gravity of the planet Jupiter to accelerate 
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itsetf out of the ecliptic plane into polar or¬ 
bit around the Sun. To flyby Jupiter the 
probe must be launched within a 19 day 
launch window that opens on October 5. It 
will be 18 months before the next Ulysses 
launch window if Discovery misses this 
opportunity. 

The SRBs originally intended for use on- 
STS-40 will be transferred to the Ulysses 
mission. Discovery will be launched from 
pad 39-B. 

The crew for STS-41 are: Commander 
Richard Richards, pilot Robert Cabana and 
Mission Specialists William Shepherd, 
Bruce Melnick and Thomas Akers. 


STS-37 


GRO 


The Gamma Ray Observatory (GRO) was 
originally due for launch by Atlantis on No¬ 
vember 1. The date has hardly changed. 
NASA now says the launch will take place 
in early November. GRO is the second of 
NASA’s ‘Great Observatories’. 

The crew for STS-37 are: Commander 
Steven Nagel, Pilot Kenneth Cameron and 
Mission Specialists Jerry Ross, Jay Apt and 
Linda Godwin. 

Apt and Ross will make the first space 
walks by American astronauts since 1985 
when they test systems for moving about 
the planned Freedom Space Station. 



Spacelab Life Sciences (SLS), with the 
orbiter Columbia, was originally scheduled 
for launch on August 29. Under the new 
schedule it will take the launch slot of STS- 
42, the International Microgravity Labora¬ 
tory (IML). The IML mission will be delayed 
until 1991. 

The crew for STS-40 are: Commander 
Bryan O’Connor, Pilot Sidney Gutierrez 
and Mission Specialists Tamara Jemigan, 
Rea Seddon and James Bagian. Payload 
Specialists are Drew Gaffney and Millie 
Hughes-Fulford. 


NEWS UPDATE 


Prospects for 
Juno Improve 

As this Issue of Spaceflight goes to 
press the future looks brighter for 
the Anglo-Soviet space mission, 
Juno. 

“The odds in favour of Juno flying 
have materially improved,” Professor 
Heinz Wolff, told Spaceflight shortly 
after a meeting with NPO Energia in 
mid-June. 

In late March Juno announced it was 
having difficulties raising sponsorship 
to finance the mission. 

A full report next month. 


Atlantis Readied for Secret 
Military Mission 


V 

$ 




The Crew of STS-38, Richard O. Covey (right front) Is mission commander, while Frank L Culbertson* 
(left front) serves as pilot Mission specialists (left to right back row) are Charles D (Sam) Gamar, 
Robert C. Springer and Carl J. Meade.The STS-38 patch, top right, was designed to represent and pay 
tribute to all the men and woman who contribute to the Space Shuttle program. The top orbiter, with the 
stylistic OrbitaJ Manoeuvring System bum, symbolises the continuing dynamic nature of the Space 
Shuttle program. The bottom orbiter, a black and white mirror image, acknowledges the thousands of 
unheralded individuals who work behind the scenes in support of America's Space Shuttle program. 
This mirror image symbolises the importance of their contnbutions. NASA 


Preparations are nearing comple¬ 
tion for the mid-July launch of the 
Space Shuttle Atlantis on mission 
STS-38, a dedicated Department of 
Defense flight. 

The payload for the military mission 
is believed to a be a reconnaissance 
satellite designed for operation in low 
Earth orbit at a high inclination. The 
mission is expected to last about four 
days and will conclude with a landing 
at Edwards Air Force Base in Califor¬ 
nia. 

Preparations for STS-38 began 
when Atlantis was returned to the 
Kennedy Space Center on March 6 
following the STS-36 mission. It was 
towed to the Orbiter Processing Facil¬ 
ity (OPF) Bay 2. 

The orbiter’s forward Reaction 
Control System was removed and 
taken to the Hypergolic Maintenance 
Facility for routine maintenance and 
inspection. The three main engines 
and right hand Orbital Maneuvering 
System were also removed for refur¬ 
bishment. 

During work in the OPF one of the 
orbiter’s three fuel cells that provide 
electrical power during flight was ac¬ 
cidentally damaged and had to be re¬ 


placed. Fuel Cell No.3 was being pre¬ 
pared for removal from Atlantis for 
shipment back -to the factory because 
of a problem which was found during 
post-flight testing. As it was being 
prepared for removal the fuel cell was 
damaged when one side was over 
pressurised. 

Meanwhile, the STS-38 stack was 
being assembled in High Bay 1 of the 
Vehicle Assembly Building (VAB). 
Assembly of the left hand Solid Rocket 
Booster (SRB) was completed in mid- 
April. Stacking of the right hand SRB’ 
was finished on May 4. The External 
Tank for STS-38 was mated with the 
two boosters in May. 

Atlantis was moved from the OPF to 
the VAB at about 16:00 EDT on June 
8. It was then mated with the stack and 
powered up to begin the five day 
Shuttle Interface Test which checks all 
the connections between the orbiter, 
External Tank, SRBs and Mobile 
Launcher Platform. 

Rollout of Atlantis to pad 39-A was 
scheduled to begin at 00:01 EDT on 
June 18. The STS-38 crew were due 
at the Cape to participate in the Count¬ 
down Demonstration Test planned for 
June 20/21. 
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Relief as Kristall Docks 


The Kristall module docked with the Mir 
space station on June 10, much to the re¬ 
lief of Soviet space officials. Tense days 
followed an unsuccessful docking at¬ 
tempt on June 6. The future of the Mir pro¬ 
gramme rests on the new module. It car¬ 
ries a docking port for the Buran space 
shuttle and industrial processing equip¬ 
ment, which should yield great profits, 
the Soviets say. 

Kristall blasted off from Baikonur on May 
31 at 14:33 Moscow time atop a Proton 
booster. The module spent the next few 
days conducting manoeuvres to approach 
the Mir complex. Docking was scheduled for 
June. The long approach time allowed the 
controllers to ensure their approach was 
correct and to save fuel. 

On June 6, however, the Soviets an¬ 
nounced that the docking, which had been 
scheduled for 15:36 that day, had been 
postponed because of a problem with one of 
the module’s orientation engines. 

A. Moiseyev, First Deputy Designer of 
the Salyut Design Bureau, explained the 
problem. "The docking was aborted after 
the computer detected that one of the orien¬ 
tation engines continued to function dan¬ 
gerously long, so it just cut off the system tc 
ensure the space craft’s safety.” He ex¬ 
plained there was sufficient fuel aboard the 
module to make several docking attempts. 

The docking was rescheduled for June 10 
and all went well. Kristall docked success¬ 
fully with the front axial port of the complex 


Zenit Returns 


On May 22 the Soviet Union launched 
its first Zenit booster since November 
1988. The vehicle orbited Cosmos 
2089, an electronic intelligence 
(ELINT) satellite. Zenit, designated 
SL-16 by the US DoD, has now made 14 
successful launches since it first flew 
In 1985. 

The Zenit blasted off from the Baikonur 
Cosmodrome on May 22 at approximately 
0820 Moscow Time. In March Yuri Smet- 
anin, chief designer of Zenit, told 
Spaceflight the payload for this launch 
would be a satellite based on the Okean 
design but would give no further details 
about its mission. The Yuzhnoye bureau, 
based in Dnepropetrovsk, is responsible 
for the design of Zenit and the Okean plat¬ 
form. 

Since the launch of Cosmos 1980 on 
November 23, 1988, the Zenit booster has 
been inactive. According to Smetanin this 
was due to budget cuts that "caused post¬ 
ponement and cancellation of some 
planned work.” 

The two stage Zenit used on May 2 stands 
57 metres high and has a launch weight of 
459 tonnes. 

The Soviets hope to sell a three stage 
version of Zenit to the Cape York Space 
Agency in Australia for commercial 
launches from Australia. 


The Kristall Module 

Externally Kristall resembles Kvant 2 
and it has an in-orbit mass of 19.5 tonnes. 
The module casing length is 11.9 metres 
and the maximum diameter is 4.35 
metres. Payload is 7 tonnes. 

The module is divided into two sec¬ 
tions, both hermetically sealed - the In¬ 
strument - Payload Compartment and the 
Junction-Docking Compartment. The 
compartments have a juncture hatch of 
0.8 metres in diameter between them. 
Portions of the floor and ceiling panelling 
of the instrument-Payload Compartment 
housed food containers. The Junction- 
Docking Compartment consists of a cy¬ 
lindrical section attached to a 22 metre 
diameter sphere. 

In the cylindrical section the Soviets 


at 14:47. There was understandable relief 
and jubilation at the event The module had 
used its back-up manoeuvring engines to 
perform the rendezvous. 

The next day the module’s remote ma¬ 
nipulator arm locked on to a socket on the 
multiple docking unit and the module was 
undocked from the front port The arm 
swung the module around and it was re- 
docked at the side port opposite Kvant 2. 
The entire operation took an hour. The 


Delta Launches 
INS AT- ID 


A McDonnell Douglas Delta suc¬ 
cessfully launched the Indian IN- 
SAT-1D satellite on June 12. It was 
the fourth commercial launch for 
Delta and the last of Delta 4925 
models. 

The 196th Delta vehicle blasted off 
from Cape Canaveral launch complex 17 
at 01:52 EDT at the start of its two hour 
launch window. INSAT-1D is a multipur¬ 
pose satellite designed to replace IN- 
SAT-1B and ensure continued telecom¬ 
munications,. direct broadcast television 
and weather forecasting capabilities. 
The satellite will be controlled from the 
Master Control Facility at Hassan, Karna¬ 
taka, India. 

The Delta 4925 is a three stage vehicle 
standing 116 feet tall and eight feet in 
diameter, the first stage is powered by a 
Rocketdyne MB-3 main engine, using RJ- 
1 fuel and liquid oxygen. 

The second stage uses an Aerojet 
AJ10-118K engine that bums Aerozine- 
50 and nitrogen tetroxide. The third stage 
Payload Assist Module uses a Morton 
Thiokol Star-48B solid rocket motor. 


have located the Industrial processing 
units, namely: 

- Krater-3 

- Optizon-1 

- Zona-02 

- Zona-03 

The sphere at the end of the module is 
equipped with two docking units of the 
new APAS-89 type which is compatible 
with the docking unit to be carried by the 
Buran orbiter during its 1991 unmanned 
flight to the complex. The sphere has a 
third opening which houses cameras for 
Earth observations . Buran is designed to 
dock with the port at the very end of Kris¬ 
tall. The second androgynous docking 
port will be used by a small one tonne X- 
ray telescope module to be delivered by 
Buran. 


module’s repositioning gave the complex a 
“T”-shaped appearance. 

After checks on the airtightness of the 
docking assembly, Solovyov and Balandin 
opened the transfer hatch and began acti¬ 
vation of the module. 

The cosmonauts were set to begin their 
work with the new module’s equipment on 
June 15. They will inaugurate what Soviet 
managers hope will become the profitable 
production of industrial materials in space. 
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Ulysses during testing at ESTEC in The Netherlands. 


The Ulysses spacecraft has arrived at 
Cape Canaveral to begin launch prepa¬ 
rations. The Ulysses mission Is a joint 
ESA/NASA project to study the Sun, 
the solar wind and Interstellar space. 
The probe Is due for launch by the 
Space Shuttle Discovery In October. 

Ulysses was transported from ESA’s 
ESTEC facility by an Air France 747 cargo 
plane encased in a large fibre glass con¬ 
tainer. The spacecraft, along with a set of 
flight spares, documentation and ground 
equipment, arrived at Cape Canaveral Air 
Force Station on May 17. Ulysses was 
taken to NASA’s Hanger AO for final 
assembly and checkout 

In July, after fuelling at the Explosive 
Safe Area, Ulysses will be transported to 
the Vertical Processing Facility at Ken¬ 
nedy Space Center to be mated with a dual 


upper stage, a Payload Assist Module 
coupled to an Inertial Upper Stage. 

Discovery will launch Ulysses from 
pad 39B on October 5. The launch oppor¬ 
tunity lasts 19 days and is the shortest 
that the Shuttle has aver had to meet 

No upper stage has enough energy to 
lift the spacecraft directly from Earth over 
the Sun’s poles. Therefore Ulysses will 
flyby Jupiter in February 1992 and use the 
planet's gravity to leave the ecliptic 
plane. The spacecraft will take a trajec¬ 
tory toward the southern pole of the Sun, 
making its closest approach in May 1994. 
Ulysses’ orbit will cross the Sun’s equa¬ 
tor in February 1995 and continue toward 
the solar north pole, reaching there is May 
1995. The mission is scheduled to con¬ 
clude in October 1995, five years after 
launch. 


Marconi to Design SOHO Propulsion 


Marconi Space Systems has been 
awarded a contract by Matra, on behalf 
of ESA, to design the propulsion sys¬ 
tem for the SOHO (Solar Heliospheric 
Observatory space science mission. 

The unique SOHO mission requires the 
propulsion system to correct the space¬ 
craft trajectory after launch in order to 
reach its final orbit around the Lagrangian 
point (where the gravity field of the Sun 
and Earth cancel each other), at a dis¬ 
tance of 1.5 million kilometres from Earth. 
The propulsion system will then maintain 
a quasi-stable orbit around this point, 
with the spacecraft pointing at the Sun to 


an accuracy of 10 arcseconds (0.003 
degrees) for a minimum of two years. 

Marconi's SOHO propulsion system 
will employ a monopropellant hydrazine 
fuel design similar to that already devel¬ 
oped by the company for ESA’s EXOSAT, 
METEOSAT and ISO spacecraft. The 
design work is to be completed in 1990 
and is expected to lead to contracts for the 
manufacture of the space hardware, 
which is to be delivered in 1993 for the 
SOHO launch in 1995. 

The SOHO mission will investigate the 
outer layers and interior structures of the 
Sun as well as the nature of the solar wind. 


European Astronaut 
Selection Soon 

The ‘Announcement of Opportunity’ for 
European astronaut recruitment will be offi¬ 
cially released soon and the first group of 
astronauts will start duty with ESA by mid- 
1991 following a preliminary selection by 
member states. The aim is to have at least 
one astronaut from each ESA nation. A 
second batch of astronauts will be' selected 
in 1993. The British National Space Centre 
was unable to say if a UK astronaut would 
be selected. 


OMV Cancelled 

NASA has bowed to budgetary pressure 
and cancelled its Orbital Maneuvering Ve¬ 
hicle (OMV) project. The OMV had already 
been scaled down due to funding problems. 
The vehicle was designed to be a space tug 
bringing satellites in higher orbits to the 
Space Station and Space Shuttle for repair. 
However, it has run over budget and its abili¬ 
ties have been drastically reduced. NASA 
decided to abandon the OMV when it 
seemed inevitable Congress would cancel 
project. 


US-Soviet Manned 
Missions Discussed 

During the recent US-Soviet summit Presi¬ 
dent Gorbachev and Vice-President Dan 
Quayle tentatively agreed to fly a US astro¬ 
naut to Mir and a Soviet cosmonaut on the 
Shuttle. However, no firm agreement has 
been drawn up. 

Locstar on Ariane 

The two Locstar satellites are to be 
launched on an Ariane 4 in 1992, Arianes- 
pace’s 8th and 9th launch contracts this 
year. Locstar is a radiodetermination satel¬ 
lite that will provide the location and commu¬ 
nications with vehicles equipped with the 
system. The Arianespace orderbook is now 
worth about FF16 billion (US$2.7 billion). 

Laser Gyros For Hermes 

The French company SAGEM has been 
selected to develop the laser gyro inertial 
reference system for the Hermes 
spaceplane. SAGEM is also developing a 
magnetic bubble memory for Hermes. 

Ariane 5 Contract 

Domier GmbH has been awarded a DM 70 
million contract to develop and manufacture 
the satellite carrier assembly SPELTRA 
(Structure Porteuse Exteme pour Lance- 
ment Triple pour le Lansceur Ariane 5). 
SPELTRA will enable the Ariane 5 to cany 
three satellites into orbit. The first 
SPELTRA flight unit will be delivered in 
November 1994. The maiden Ariane 5 
launch is scheduled for mid-1995. 
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Space Telescope Transmits its First Picture 

Hubble Confirms Double Star 


The Hubble Space Telescope (HST), 
launched on April 24, has transmitted 
Its first Image. Scientists are pleased 
with the result which was better than 
expected. The Telescope also made Is 
first discovery - the existence of a 
double star. 

The HST began a life of discovery on 
May 20 when its Wide Field/Planetary 
Camera (WF/PC) opened its shutter for 
the first time. The telescope had been 
aligned with NGC 3532, an open star clus¬ 
ter in the southern constellation Carina 
(the Ship's Keel). NGC 3532 was chosen 
because of its size and number of stars. 

The ‘first light’ photograph was met 
with enthusiasm from Hubble controllers 
and scientists. 

The telescope achieved a resolution of 
0.7 arc seconds, significantly better then 
the anticipated 1.5 arc second resolution 
for the first image. When HST enters 
operational life the camera's resolution 
will improve to 0.1 arc seconds, accord¬ 
ing to James A. Westphal, principle in¬ 
vestigator of the WF/PC. Earth-based 
telescopes rarely exceed the resolution 
of Hubble’s first light photograph, he said. 

The first photograph confirmed a the¬ 
ory that what is seen from Earth-based 
telescopes as an elongated light in the 
open star cluster is actually two stars. 
Scientists had not expected to make any 
astronomical discoveries with the first 
image. 

Meanwhile Hubble is gradually getting 
over its initial teething problems. Engi¬ 
neers discovered the telescope was vi¬ 
brating slightly. The cause seemed to be 
the British Aerospace-built solar arrays. 
A NASA, ESA and BAe team investigated 
the possibility. 

“Theoretically we have determined 
there could be a contribution [to the vibra¬ 



The image at right is a portion of the first test photo from the Hubble Space Telescope’s Wide Held 
Planetary Camera. The ground-based image at left was taken from the Las Campanas Observatory in 
Chile NASA 


tion] from the arrays,” Dr Nigel Wright, the 
Solar Array Design Manager at BAe, told 
Spaceflight. It seems the contraction 
and expansion of the solar array as it tran¬ 
sitions between orbital night and day 
could be causing vibration. However, 
vibrations are also detected when the 
telescope reaches the middle of the sun¬ 
light period when the arrays are thermally 
stable, leading engineers to believe there 
is another source of vibration. 

The problem is gradually being elimi¬ 
nated as controllers continue to fine tune 
the telescope. The spacecraft’s attitude 
control systems are being programmed 


to compensate for the vibration. 

Hubble controllers have been pleased 
with the performance of the BAe solar 
arrays. The panels are producing more 
power than expected said Dr Wright In 
addition the telescope is consuming less 
power than predicted because the space¬ 
craft is warmer than had been antici¬ 
pated, reducing the power needs of the 
onboard heaters. 

The ESA Faint Object Camera (FOC) 
was scheduled to take its first image on 
June 17. The camera will make 11 obser¬ 
vations. The FOC Photon Detector As¬ 
sembly was also provided by BAe. 


New Launch 
Contract for Delta 

The McDonnell Douglas Delta II has 
been selected to launch a second 
communications satellite for the 
North Atlantic Treaty Organisation 
(NATO). 

The contract calls for the launch of the 
NATO IV-B satellite by a Delta II vehicle 
in the fourth quarter of 1991. McDonnell 
Douglas had previously won the contract 
to launch NATO IV-A in the fourth quarter 
of 1990. 

The NATO IV programme is composed 
of two satellites that will form the space 
segment for a NATO satellite communi¬ 
cations system until the end of the dec¬ 
ade. 

This agreement marks the 'eleventh 
commercial contract for the Delta. The 
launch vehicle has maintained a 98.3 per¬ 
cent success rate with the last 60 launches. 


Telescopes Arrive for NASA Explorer 

The astronomical telescopes for NASA’s Extreme Ultraviolet Explorer 
(EUVE) spacecraft have been delivered to the Goddard Space Flight Center 
for Integration Into the Goddard-designed payload module and for subse¬ 
quent environmental testing. 


The scientific payload consists of four 
specially designed telescopes that will 
make astronomical observations in the 
previously unexplored portion of the elec¬ 
tromagnetic spectrum: the extreme ultra¬ 
violet, which is between the X-ray and ul¬ 
traviolet wavelengths. 

The integration and testing of the 
spacecraft at Goddard, which includes 
mating the payload module to the Ex¬ 
plorer platform bus, is expected to take 
18 months. The spacecraft will be 
launched into low-Earth orbit aboard a 
Delta II expendable launch vehicle from 
Cape Canaveral in August 1991. 


During its planned two year mission, 
the EUVE will carry out an all-sky survey 
in the 100 to 1,000 angstrom wavelength 
region and will subsequently include a 
programme in which guest investigators 
will subsequently include a programme in 
which guest investigators will be able to 
conduct spectroscopic observations of 
the brightest extreme ultraviolet celestial 
sources. 

The spacecraft’s science payload has 
been designed, built and tested by the 
Space Astrophysics Group of the Space 
Sciences Laboratory, University of Cali¬ 
fornia, Berkeley. 
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ABOVE: The Mission Operations Room of the Space Telescope Operations Control Center at NASA's Goddard Space Right center. The telescope returned 
its first image on May 20. NASA 


Gamma Ray Observatory 
Readied for Launch 


The Gamma Ray Observatory (GRO) is under¬ 
going final launch preparations at the Ken¬ 
nedy Space Center for its launch later this 
year. 

The observatory arrived at the Kennedy 
Space Center earlier this year to be readied for 
its launch on the Shuttle Atlantis. GRO is the 
heaviest orbiting scientific observatory ever de¬ 
signed. Weighing nearly 17 tons, GRO occupies 
two-thirds of the Shuttle payload bay. The space¬ 
craft's four instruments weight about six tons 
and three are each about the size of a small car. 

During its first year of operation, GRO will 
make a more detailed survey of the gamma-ray 
universe than any yet obtained. In later years, it 
will view in greater depth the intriguing objects 
identified by the survey. 

Known sources of gamma rays include siper- 
novae, neutron stars, pulsars, quasars, active 
galaxies and black holes. In addition intense 
sporadic bursts of gamma rays appear through¬ 
out the sky. They have proved difficult to study 
in detail because their occurrence is unpredict¬ 
able and their duration short GRO will hopefully 
reveal information on some of the most energetic 
phenomena in the Universe. 


RIGHT: The Gamma Ray Observatory is seen in the 
TRW assembly room being prepared for transport to 
the Kennedy Space Center. TRW Is prime contractor 
for the spacecraft. TRW 
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Titan 4 Makes Second Launch 

The US Air Force launched Its second 
Titan 4 booster from Cape Canaveral 
on June 8. It carried a classified pay- 
load for the Department of Defense. 

The Titan 4 made a spectacular 
nighttime blast off from Launch Complex 
41 at 01:22 EDT. The US Air Force made 
no prior announcement of the launch and 
refused to give any details of its payload, 
although it did reveal that it had placed in 
an orbit with an inclination of 52 degrees. 
The high inclination suggests the satel¬ 
lite was a photo or radar reconnaissance 
satellite. 

The Titan 4 is the United States’ most 
powerful expendable launch vehicle. It 
was first launched in June 1989. 


Women Cosmonauts Discussed 

The Soviet Union tried to recruit a 
husband and wife team to fly a long 
duration mission In space, according 
to Aleksandr Aleksandrov, civilian 
cosmonaut training manager. 

Aleksandrov said that the notion of 
flying mixed crews on long duration 
flights raised “moral and ethical prob¬ 
lems.” Aleksandrov did not rule out short 
duration flights involving mixed crews, 
however, citing the American Shuttle as 
an example of such crews. 

The experienced cosmonaut gave not 
information about the date of the recruit¬ 
ment plan for the married couple. 

Neville Kldger 


NASA and Rockwell Sign EDO Agreement 


NASA and Rockwell International have 
signed a memorandum of agreement 
under which Rockwell will produce 
commercially a cryogenic pallet for 
NASA’s Extended Duration Orblter 
(EDO) programme to Increase the du¬ 
ration of Shuttle missions to 16 days. 

The EDO cryogenic 'pallet holds 
spherical tanks of liquid hydrogen and 
liquid oxygen, valve panels and avionics 
boxes. When installed in the back of the 
orbitals payload bay, the pallet will feed 
additional cryogenic fluids to the 0 ^ 6 ^ 
electricity-generating fuel cells; thereby 


extending the Shuttle’s normal mission 
time from 8 to 16 days. The first EDO 
mission, of 13 days, is scheduled aboard 
Columbia in March 1992. 

Under the terms of the agreement, 
Rockwell will fund the design and con¬ 
struction of the EDO cryogenic pallet. 
NASA will reimburse Rockwell in three 
yearly instalments after the pallet has 
been delivered in December 1991. NASA 
will offer the use of the EDO mission kit 
as an optional service to all Shuttle cus¬ 
tomers. Specific details of the cost to 
Shuttle customers are to be negotiated. 


ESA Signs Agreement With Soviets 


The European Space Agency and the- 
Soviet Union have signed an agree¬ 
ment on cooperation in the field of 
exploration and use of space for peace¬ 
ful purposes. The document was 
signed at ESA Headquarters In Paris 
by the Ambassador of the Soviet Union 
and the ESA Director General, Profes¬ 
sor Reimar Lust 

Past cooperation has been based on an 
exchange of letters between the USSR 
Academy of Sciences and the European 
Space Research Organisation, one of 
ESA’s precursors, and has been largely 
concerned with exchanges of scientific 
information. 

“This is a very important step forward.” 


says Professor Lust "The Soviet Union 
has long experience of space and this 
cooperation is going to be beneficial to 
both parties.” 

The space activities covered will in¬ 
clude exploration of the Solar System, 
space astronomy and astrophysics. 
Earth observation, meteorology, life sci¬ 
ences, microgravity and such other fields 
as may be agreed between the two 
groups. Working groups on these disci¬ 
plines are going to be set up and, where 
appropriate, will be recommending joint 
projects, for which implementing ar¬ 
rangements will then be established. 

There will be no exchange of funds 
under the 10 year agreement 


VISION OF SPACE 

Soar above the red deserts of Mars, marvel at ringed 
Saturn from the craggy surface of one of its moons. Trav¬ 
elling through the Solar System is much easier than you 
thought: simply invest in a 40-sllde set of space art avail¬ 
able now. 

This is your chance to own a superb 40-sllde collection 
showing the best works of Space Art pioneer Chesley 
Bonestell, a Fellow of the Society. 

“Chesley Bonestell’s pictures," Wernher von Braun 
once said, “are more than just reproductions of beautiful, 
aethereal paintings of worlds beyond. They present the 
most accurate portrayal of those far-away heavenly 
bodies that modern science can offer.” 

For the incredibly low price of £18 (US$32), including 
P&P and VAT, you will receive 40 slides showing the 
golden age of Bonestell from the late 1940’s to the 1960’s, 
in their own presentation box, together with a cassette 
tape describing the pictures. 

Pictures presented include: “Lunar Landscape,” 
“Moon Landing,” “Eclipse of Sun by Earth,” “Creation of 
the Moon’s Mare Imbrium,” ‘The Planet Saturn,” “Recov¬ 
erable Winged Shuttle Vehicle,” “Baby Space Station,” 
“The Planet Mars" and many more. 

These pictures are now collector's Items, so only a 
small number are available. 

To be sure of your set send your order and remittance 
now to: The British Interplanetary Society, 27/29 South 
Lambeth Road, London SW8 1SZ. We will dispatch your 
slide set and cassette immediately while stocks last. 
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Hermes Antenna 
Contract 

Ericsson Radar Electronics of Sweden 
has been .selected to lead the develop¬ 
ment of die Hermes spacep lane’s skin 
antenna with the French companies 
SAT and SEP as subcontractors. 

Communication with Hermes will be 
accomplished by the use of skin antenna, 
mounted flush with the surface of the 
spaceplane. In the first phase of develop¬ 
ment, two different antenna concepts will 
be produced for performance tests to 
demonstrate the survival of the antennas 
during reentry conditions. New antenna 
designs and materials need to be em¬ 
ployed due to the severe environmental 
conditions. The antenna’s outer surface 
will be subject to temperatures in the 
range of 1,100 to 1,400 degrees C at reen¬ 
try. 

Full scale development of flight models 
is scheduled to start in 1991 with first 
delivery in 1996. 


Turkey Joins 
Landsat Network 

The Turkish Government has an¬ 
nounced that ft plans to buHd a satel¬ 
lite ground station to receive and proc¬ 
ess Landsat remote sensing data. The 
station will be located near Ankara and 
Is scheduled to be operational by the 
launch of Landsat 6 in late 1991. 

The government owned Post, Telegraph 
and Telephone (PTT) company will oversee 
construction and operation of the Ankara 
station. Within the next month, the PTT an¬ 
ticipate soliciting bids for the construction 
of the multi-million dollar station. Construc¬ 
tion is expected to completed in about one 
year. 

The Ankara station will be the eighteenth 
ground station built to receive Landsat data 
All 17 existing Landsat stations have been 
built by the governments of the nations in 
which they are located. Station operators 
pay EOSAT (Earth Observation Satellite 
Company) an annual fee to receive Landsat 
data which may then be sold by the station. 


Odetics Recorders 
for Radarsat 

Odetics, based In California, has been 
awarded a $9.9 million contract by 
Canada’s Spar Aerospace to manufac¬ 
ture two flight model digital magnetic 
tape recorders for the Canadian Radar- 
sat remote sensing satellite. 

The Odetics space recorders will be 
used to record and store Synthetic Aper¬ 
ture Radar (SAR) imagery data gathered 
when the satellite is not passing over an 
Earth receiving station. The satellite can 
image the ground during darkness and/or 
when cloud cover would overwise ob¬ 
scure the Earth’s surface. The Radarsat 
space recorders will be similar to those 
supplied by Odetics for the Landsat-6 
programme. Like their Landsat counter¬ 
parts, the Radarsat recorders will pro¬ 
vide an 85 Mpbs data rate and 72 G bit 
capacity.* 

Odetics digital recorders are used on 
the Space Shuttle, Magellan, Galileo and 
the Hubble Space Telescope. 


INTERNATIONAL SPACE REPORT 


The launch of the Combined Release 
and Radiation Effects Satellite 
(CRRES) has been delayed after Its 
Atlas-Centaur booster was damaged 
during a prelaunch test. 

The CRRES launch, originally sched¬ 
uled for June 23, has been delayed until 
July 9 at the earliest after the failure of a 
high-pressure helium line in the inter¬ 
stage compartment between the Atlas 
and Centaur. The line failed during a pres- 
surisation test at complex 36B at Cape 
Canaveral Arr Force Station. The broken 
line made two small punctures in the inter¬ 
stage adaptor as it swung about inside the 
compartment. 

The 1,724 kg CRRES spacecraft is a 
joint NASA/Air Force project that will 
perform investigations in the ionosphere 
and the magnetosphere. Chemical tracer 
releases will briefly ‘paint’ magnetic field 
lines with luminous particles of calcium, 
barium, lithium or europium so they can 
be studied by instruments on the ground, 
in specially equipped aircraft and by 
CRRES. The results of the studies should 
give new insights into the conditions that 
naturally influence and perturb Earth’s 
magnetic field. 

NASA’s phase of the CRRES mission 
will take place in an elliptical orbit at an 
altitude of approximately 400 x 35,800 
kilometre? at an inclination of 18 degrees. 
The complement of 24 chemical canis¬ 
ters will be expelled in brilliantly visible 
releases over ground observation sites in 
the Caribbean and South Pacific. 

CRRES will also study the effects of 
natural radiation, on microelectronics and 
evaluate the performance of gallium 
arsenide solar cells. 


The Atlas stage for the AC-69 Atlas-Centaur vehide is raised into the gantry of Pad B at Launch Complex 
36. The vehicle will place the CRRES spacecraft into orbit in July. NASA 


CRRES was originally designed for 
launch by the Space Shuttle but the loss 
of Challenger in January 1986 led to a 
major restructuring of the programme. 
After considering various alternatives 
NASA Headquarters chose to evaluate 
the possibility of launching CRRES on an 
expendable launch vehicle, in particular 
the Atlas-Centaur.' Ball Aerospace Sys¬ 
tems Division, the’CRRES prime contrac¬ 


tor, studied the Atlas-Centaur option and 
concluded that CRRES could be 
launched by the vehicle if one half of the 
planned 48 chemical release canisters 
were removed. NASA decided the canis¬ 
ters taken off CRRES could be launched 
on two Scout vehicle and a series of 
sounding rockets. Two CRRES canisters 
were flown on the first Pegasus mission 
in April. 


CRRES Launch Delayed By Atlas Hitch 

Joint NASA/USA F Project to Study Magnetic Fields and FI adi at ion 
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Mission Report 


Cosmonauts Fly their ‘Space Motorcycle J 

The “grand finale” of the flight Cosmonauts Aleksandr Viktorenko and Aleksandr Serebrov 
came in late January/early February when they undertook three Extravehicular Activities 
(EVAs) in quick succession and prepared to hand over the orbital complex to their successors. 

The EVAs, which had been initially planned for late 1989, but delayed because of the late arrival 
of the large Kvant 2 module, would be the first use of that module’s larger hatch, for EVA work. 

It would become the complex’s main exit to space. 


A Third Time Outside 

The two cosmonauts had already 
made two EVAs from the Mir base 
block airlock on January 8 and Janu¬ 
ary 11 totalling 5 hours and 50 minutes 
in duration. The aim of the third EVA 
wafe to demonstrate the new EVA suit 
called Orlan-DMA.The service life of 
the suit is at least ten EVAs of six hours 
duration and the cosmonauts do not 
have to use an umbilical cable when 
wearing it. Thef suit is sealed by clos¬ 
ing the backpack,which also contains 
a closed regenerative life support 
system. 

The cosmonauts were due to begin 
the EVA at 12:14 (all times GMT) on 
January 26 and end it at 16:40. 

The opening of Kvant 2’s new “door¬ 
way” to space occurred at 12:09, Janu¬ 
ary 26. 

One of their first tasks involved the 
installation of a special docking device 
which would be used for installing the 
so-called “Space motorcycle”, the 
Soviet Manned Manoeuvring Unit 
(SPK). This device was to be tested 
during the next two EVAs. 

Clear TV pictures were returned 
showing the complex stretched out be¬ 
neath the men. At one stage one of the 
cosmonauts discarded a small cable 
which spun away from the complex. 

They then removed one of the an¬ 
tennas of the Kurs radio-technical 
system from the Kvant 2 module for 
convenience of operation of the SPK . 
The cosmonauts were attached to the 
module by means of a halyard. 

Two pieces of scientific equipment 
were attached to the exterior of the 


By Neville Kidger 


module, called Ferrit and Danko. Two 
cassettes with specimens of miscella¬ 
neous materials were left on the mod¬ 
ule’s hull. 

The largest piece of scientific equip¬ 
ment installed was a TV camera sys¬ 
tem called “Gemma-2” on a traversing 
platform. The camera would be used 


A ghostly image of Aleksandr Serebrov making 
the first EVA on the SPK manoeuvring unit 



to return live TV t>f the Earth’s surface 
from the outside of the complex. 

After three hours and two minutes 
outside the station the EVA ended. 
The cosmonauts had taken an orbit 
less than planned to complete their 
work. 

Tribute to McAullffe 

On January 28,• the fourth anniver¬ 
sary of the Challenger disaster, 
Viktorenko and Serebrov paid tribute 
to the American school teacher 
Christa McAuliffe, by delivering edu¬ 
cational lectures to children on the 
ground. 

The Kaliningrad Flight Control 
Centre was host to children and teach¬ 
ers from across the USSR who had 
won a competition to attend. The idea 
originated from discussions between 
Serebrov, who is president of the 
National Youth Aerospace Society 
(NYAS) “Soyuz” and US journalist 
Jack Anderson, head of the Young 
Astronauts Association in the USA. 
The two agreed that it would be a good 
idea to stage video lessons from space 
for the children. When the NYAS presi¬ 
dent himself went into space the op¬ 
portunity presented itself for realising 
the project, a Soviet newspaper re¬ 
ported. 

The lessons incorporated 28 sub¬ 
jects and by the time of the live broad¬ 
cast an additional four lessons had 
been .recorded on videotape. These 
videos are to be made available under 
commercial rules, Soviet sources say. 

The first lesson, transmitted live on 
January 28 showed Viktorenko and 
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Serebrov detailing their EVA suits and 
the SPK manoeuvring unit. Later that 
day a second lesson was broadcast 
during which the men discussed com¬ 
mercial and industrial uses of the 
unique microgravity conditions of 
orbital flight. TV of the surface of Earth 
was shown through the windows of the 
complex. Serebrov concluded by invit¬ 
ing the two children of Christa McAu- 
liffe - Scott, 13 and Caroline, 10 - to the 
Soviet space camp during the sum¬ 
mer. 

Testing the “Space Motorcycle" 

As the cosmonauts continued their 
preparations for testing the SPK they 
also monitored other experiments 
including a 120 hour long smelting of a 
high quality monocrystal of the semi¬ 
conducting material cadmium tellu- 
ride in the Gallar unit. The French-built 
Circe radiation monitor was also being 
used to measure the radiation back¬ 
ground in the habitable quarters of the 
complex. The fourth EVA, the Soviets 
announced, would begin at 08:45 on 
February 1. 

Early on that day the two men sealed 
themselves into the Kvant 2 airlock 
and donned the Orlan-DMA suits. 
Serebrov was to be the first to fly the 
SPK outside - a job which he had 
trained for for some years. He donned 
the unit and, at 08:15, the Kvant 2 
hatch was swung open. 

Once outside Serebrov attached 
the SPK to a special “dock” which the 
men had assembled on January 26. An 
electric winch was part of the equip¬ 
ment installed. The winch would be 
used to reel in a tether which would be 
attached to the cosmonaut/SPK com¬ 
bination. 

' The Soviets said that the tether was 
necessary for rescue because, unlike 
the Americans, they did not have the 
capability to rescue a stranded crew¬ 
man in the event of an SPK failure. The 
Americans could retrieve a stricken 
astronaut with a failed manoeuvring 
unit by “scooping” him up in the Space 
Shuttle payload bay. 


What’s in a Name? 

There is confusion as to the actual name 
of the Soviet manned manoeuvring unit. 
At the time of the launch of the Kvant-2 
module TASS called the unit “Icarus”. The 
Acronym of YMK was given by the 
“Aviaexport” agency in a marketing leaf¬ 
let. 

However, on February 1 TASS gave 
conflicting information. The special cor¬ 
respondent at the Flight Control Centre 
wrote that a name for the unit had yet to 
be decided: “Polet” (Flight) and “Alba¬ 
tross” had been suggested. The unit also 
had a different acronym - SPK - the initials 
of the Russian translation of Individual 
Space Transport Vehicle. 


After a check out of the SPK it was 
released from the magnetic attach¬ 
ment points of the dock. The first “free” 
steps with the SPK came at 09:40. 
Serebrov’s first manoeuvre saw him 
gently back away from the hatch to a 
distance of five metres. He then re¬ 
turned to the hatch. This first test was 
conducted three times in all before the 
cosmonaut attempted longer dis¬ 
tances. 

Serebrov then commanded the unit 
to back away from the hatch until the 
distance separating the two reached 
33 metres where he halted. The cos¬ 
monaut also manoeuvred in space and 
made turns and moved on various 
planes. 

Soviet engineers said that the SPK 
had proved its easy operation and 
good manoeuvrability. 

Viktorenko remained at the hatch 
throughout the tests controlling and 
advising Serebrov. The commander 
also filmed the exercise on video. 

Returning to the hatch for the final 
time, Serebrov redocked the SPK to its 
magnetic lock and the two cosmo¬ 
nauts closed the hatch. The EVA had 
lasted 4 hours and 59 minutes. 

Speaking to TASS, G. Severin, the 
chief designer of the Zvezda plant 
which designed and manufactured the 
SPK said that “there is nothing in [the 
unit's] work which we did not like. The 
new vehicle will permit cosmonauts to 
increase their manoeuvrability in 
space, to carry up to 100 kilogrammes 
of tools, parts and instruments. In 
case of an accident with some cosmo¬ 
naut he can be transported with the 
help of the vehicle. [It] can be part of 
the Mir Space research complex and 
of the Buran.” 

On February 4 TASS said that the 
next test of the SPK would take place 
the next day and that the time of open¬ 
ing the hatch was planned at 06:15. 

At 06:08 on February 5 the hatch 
swung open and the two cosmonauts 
again began work outside. This time it 
would be the turn of the commander to 
test the SPK. 

Before moving away from the com¬ 
plex, Viktorenko attached an instru¬ 
ment call Spin-6000 to the front of the 
SPK/Orlan-DMA. The device was a 
portable automatic spectrometer for 
measuring the radiation background 
of the station. The device would regis¬ 
ter the spacial and energy character¬ 
istics of the X-ray and gamma-radia¬ 
tion at different distances and orienta¬ 
tions away from the complex. The 
spectrometer had 256 channels and 
was made by the Radium Institute of 
Leningrad and delivered by Progress 
M-2.* 

With video recording his move¬ 
ments, Viktorenko backed the SPK 
away from the hatch until he was at a 
distance of 45 metres - the furthest 
distance achieved. Viktorenko dem¬ 


1 



Aleksandr Viktorenko slowly backs away from 
the Kvant-2 airlock during the February 5 space- 
walk. The Spin-6000 instrument is visible at¬ 
tached to his chest. 

onstrated the unit’s manoeuvrability 
by yawing and rolling until he was in¬ 
verted. 

Viktorenko, seen on the TV screens 
at FCC was, a speck £t one point and 
conducted approaches with helmet 
lights off and on. At one point, “like a 
true test pilot” he made an aerobatic 
roll! 

In total Viktorenko covered some 


*The spectrometer was described as a 
cross between a geiger counter and the 
Astron X-ray observatory still working in an 
elliptical orbit around Earth. The hull of the 
complex absorbs radiation and becomes a 
radiation source itself. Scientists want to 
understand how this secondary radiation 
influences the radiation situation inside the 
complex and near to the exterior. Scientists 
expect to be able to find materials which are 
safer from the point of view of radiation 
background for sensitive astrophysical in¬ 
stalments and photo equipment. 
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SPK SYSTEMS BLOCK DIAGRAM 



200 metres during the testing of the 
SPK. The EVA lasted 3 hours and 45 
minutes. 

The Soviets spoke about future 
orbital complexes having several 
automatic manoeuvring units being 
remotely operated by cosmonauts 
inside the complex. Six or seven such 
units could be used to assemble large 
orbital structures, such as solar sails 
or solar energy reflectors. 

Progress M-2 Departs 

At 02:33 on February 9 the Progress 
M-2 cargo spacecraft, which delivered 
some 2.5 tonnes of equipment and 
supplies to the cosmonauts was un¬ 
docked from the rear of the complex. 
During the separation the cargo ship’s 
radio engineering systems used in the 
approach were tested using the new 
relay satellite in geostationary orbit. 
The satellite, Kosmos 2054 had been 
launched on December 27, 1989. It is 
located over 344 degrees East. At an 
unspecified time after the undocking, 
the craft was deorbited and destroyed 
in the upper layers of the Earth’s at¬ 
mosphere, as planned. 

Viktorenko and Serebrov mean¬ 
while had tried out the new shower unit 
in the Kvant 2 module. Another 120 
hour smelting experiment in the Gal- 
lar had been started on February 6 and 
the cosmonauts monitored the Ameri¬ 
can experiment on crystal growth 


which was being flown on a commer¬ 
cial basis for Payload Systems Ihc. 

The Soviets announced on Febru¬ 
ary .8 that the next crew to man the 
station would be launched from 
Tyuratam on February 11 at 06:15. 

Soyuz TM-9 Preparations 

The Soviets had announced the two 
crews training for the goyuz jm- 9 
flight on January 24. The launch was 
planned for February 11. Jhe Soviets 
also revealed the mission" would last 
until July 30. 

The prime crew consisted of Anatoli 
Solovyov and Aleksandr Balandin 
whilst their reserves were Gennadi 
Manakov and Gennadi Strekalov. The 
cosmonauts left for the cosmodrome 
on January 26. 

On February 3 Moscow radio re¬ 
ported that Balandin’s place was 
“under question” because his wife had 
given birth to a son. There was appar¬ 
ent concern that he would not see his 
son for the six months of the flight. 

On February 8 the two crews trained 
on an approach simulator, called 
Biven-3 and at dawn th.e next day the 
carrier rocket with the Soyuz TM-9 
spacecraft was rolled out to the launch 
pad. The State commissipn would 
decide which crew would make the 
flight after meeting on February 10. 

At a press conference on February 
10 it was announced that the commis¬ 


sion, chaired by Kerim Kerimov, had 
confirmed that Solovyov and Balandin 
would make the flight. Details of the 
flight programme were also pre¬ 
sented. 

For the first time in Soviet cos¬ 
monautics the financial returns from 
the results of the experiments con¬ 
ducted on the flight were expected to 
exceed "by far” the cost of the launch, 
it was claimed. 

The flight was expected to generate 
ip to 25 million roubles of net profit 
mainly as a result of the utilisation of 
the Kristall technology module which 
was to be launched on March 30 and 
dock with Mir on April 7 or 8. 
Spaceflight had been told earlier that 
the future of the manned programme 
rested upon the economic success of 
the new Mir modules (see Spaceflight 
January 1990, p. 9). 

Soyuz TM-9 in Space 

The launch of Soyuz TM-9 into a 
partially cloudy sky at Tyuratam was 
shown live on Soviet TV. The rocket 
lifted from the pad at 06:16. 

At 06:49 the Soyuz spacecraft sepa¬ 
rated from the carrier rocket and was 
placed in an orbit of 243 x 198.7 km 
according to Moscow radio. The dock¬ 
ing was planned for February 13 be¬ 
tween 06:00 to 07:00, the Soviets said. 

On February 12, after two ma¬ 
noeuvres had been made the Soyuz 
TM-9 ship was in an orbit of 338 x 297 
km with a period of 90.8 minutes. 

On the Mir complex Viktorenko and 
Serebrov prepared to meet the men 
who would take over from them and 
also concluded the 120 hour Gallar 
experiment. 

The next day, at 06:37:48 Soyuz 
TM-9 docked with the rear docking 
port of the Kvant module. Soviet radio 
said that the docking had been “aston¬ 
ishingly smoothly” executed. The two 
new arrivals - with the call-sign Rodnik 
(the Springs) - crossed over into Mir to 
begin their occupation. The orbit was 
408 x 382 km. 

They would be with Viktorenko and 
Serebrov for six days before the old- 
timers returned to Earth on February 
19. 

It was revealed that Balandin had 
brought some equipment for the study 
of the Earth’s natural resources as 
part of his 2 kg personal luggage. 

Joint Work in Orbit 

The cosmonauts conducted a num¬ 
ber of experiments during the period 
of joint flight which included electro¬ 
phoresis research on the Ruchei and 
Biokryst installations, studies of the 
dynamics of the structure of the com¬ 
plex in the Resonance experiment and 
smelting of materials in the Gallar 
installation. In the latter experiment 
the furnace reached a temperature of 
1,200 degrees for 20 hours, which was 
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claimed as' a first for orbiting stations. 
Biological experiments on plants were 
conducted in the Magnito-gravistat 
unit which used a heterogeneous mag¬ 
netic field in the studies. TASS made 
mention of the Ferrit experiment, 
placed outside the complex on Janu¬ 
ary 26. The agency said that the ex¬ 
periment studies the effects of the 
space environment on the structure 
and properties of ferromagnetic mate¬ 
rials. 

Return to Earth 

Viktorenko and Serebrov powered 
up their Soyuz TM-8 craft on February 
18 and stowed their data and pictures 
in the descent cabin of the craft. One 
of their final tasks was the deactivation 
of the US experiment which would 
return to Earth with them to complete 
the commercial agreement. 

The undocking time for Soyuz TM-8 
was not given in initial Soviet reports 
but shortly after that event Viktorenko 
and Serebrov were told that the “en¬ 
ergy resources of the spaceship were 
too smail” and the cosmonauts had to 
switch off a number of instruments. 

in radio conversation with Vladimir 
Shataiov, the head of the Cosmonauts 
Training Centre, the cosmonauts said 
that they could see their landing area 
and could see mountains and Lake 
Issyk-Kul. The wind velocity wa.s 10 ml 
sec and warm cloths had been pre¬ 
pared for them. TASS later reported 
that weathermen had refused to give 
the go-ahead for the landing for 24 
hours as the temperatures fell to mi¬ 
nus 30 degrees Centigrade and a bit¬ 
ing wind swept the area. 

Finally, there was an “opening” over 
the town of Arkalyk and controllers 
decided that the craft should land 
close to that town. At 03:51 a report 
from the Flight Control Centre said 
that the retrofire had taken place. 

The Soyuz Orbital Module was 
scheduled to separate at 03:57 and 
the descent module would separate at 
04:10 and enter the atmosphere at 
04:13. Parachute opening would be at 
04:27 with the landing at 04:37. At the 
landing site near Arkalyk there was 28 
degrees of frost and a wind of 8 m/sec. 

Teams spotted the descending 
cabin under its single parachute at a 
height of several kilometres and by 
04:30 several helicopters with the 
medical team arrived at the expected 
landing site. 

Soyuz TM-8 touched down amid a 
huge cloud of snow blown up by the 
retro rockets at the base of the cabin 
at 04:36 some 55 km north-east of 
Arkaiyk. The flight had lasted for 166 
days 5 hours and 58 minutes. 

The cosmonauts were greeted by 
reporters and the doctors had to push 
them aside to examine Viktorenko and 
Serebrov. The men were taken to a 
warm tent for their first medicais. 
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Soyuz TM-9 blasts off from the Baikonur Cos¬ 
modrome on February 11 at 06:16 GMT. 

The descent cabin was unloaded in 
about one hour and the cosmonauts 
and their results were flown first to 
Arkalyk where the two men boarded a 
plane for Star Town*. 

On the plane to Moscow the men 
were allowed their first alcoholic drink 
- champagne. Dr Valeri Polyakov, 
deputy head of the Institute of Medico- 
Biologicai Problems who had made a 
lengthy flight on Mir, said that the 
cosmonauts were in good health, 
*. 

* The Payload Systems Inc experiment was 
back in Moscow for 17:30 (MT) the same day 
according to the company's Chief Operat¬ 
ing Officer Vlnit Nijhawan. 


hence the concession to alcohol. 

Regular training had helped the men 
retain their physical fitness and their 
cardio vascular systems were said to 
be perfect. 

Polyakov reported and the plan was 
for the men to begin “facilitated train¬ 
ing" in the next few days. On February 
21 the men held a press conference 
from behind a glass screen at Star 
Town. 

Progress M-3 In Space 

At 2311 on February 28 the third 
upgraded Progress cargo cr^ft was 
launched from Tyuratam into an orbit 
of 245 x 188 km. After a standard ren¬ 
dezvous the craft was docked with the 
Kvant port at the rear of the complex 
at 0105 on March 3. After monitoring 
the docking Solovyov and Balandin 
were allowed to sleep until 1200 before 
they began the process of unloading 
the cargo. 

Progress M-3 delivered 2.5 tonnes 
of assorted supplies and cargoes. The 
Soviets said the station’s orbit after 
docking was 402 x 379 km. 

By March 7 the cosmonauts had 
begun technical maintenance work 
which saw them install a new set of 
storage batteries on the station, re¬ 
place separate elements in the elec¬ 
tric supply system and, on March 11, 
install a new block of the on-board 
computer to ensure control over the 
joint work of the power gyroscopic 
stabilisers in the Kvant and Kvant 2 
modules. 

Much of March, the Soviets later 
said, was taken up with tuning and 
testing the station’s computers. The 
work was so urgent and intense that 


Cosmonauts Anatoli Solovyov (left) and Aleksandr Balandin are pictured inside their Soyuz TM cap¬ 
sule during blast off. 
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the men gave up their weekend break 
to complete a portion of it. Among the 
few experiments mentioned in the 
Soviet press was Kontrol, an experi¬ 
ment to assess the stability in the area 
around the docking port where Kvant 
2 was located. 

A test of the station’s aggregate 
control system was conducted on 
March 20 during dynamic operations 
using the station's orientation en¬ 
gines, according to Tass. The agency 
also said that experiments in astron¬ 
omy and. geophysics were underway - 
the first reported for weeks. The cos¬ 
monauts assembled and tested the 
KAP-350 stationary camera. 

A Birth In Space... 

On March 23 there was important 
news from the cosmonauts - one of the 
Japanese quail eggs in the Inkubator 
experiment had hatched. The Soviets 
hailed the birth of a creature in space 
and also noted that soon the cosmo¬ 
nauts would be able to enjoy fried eggs 
in space! 

The Inkubator experiment, devel¬ 
oped by Soviet and Czechoslovakian 
scientists, had begun on March 4 when 
the cosmonauts placed quail eggs in 



This TV image of the Mir complex was transmitted from a Soyuz craft as it moved from one docking port 
to another. It shows the Kvant-2 module attached to the ball-shaped multiple docking port The trian¬ 
gular shape that appears to be protruding from the top of Mir is one of the station's solar panels catch¬ 
ing the light. 

had been delayed until April 18 having Semenov told the radio interviewer, 

slipped from March 30 to April 9 Ear- However, the delay in the commission- 

lier. ing of the gyrodines had had its effect. 

The launch of Kristall had been revised 


the device. The men worked with the 
experiment, located in Kvant 2, for 30 
minutes each day. After hatching, the 
chicks were to be placed into a special 
container. 

The planned duration for the experi¬ 
ment was 233 days and, on the 17th 
day, as planned the first chick 
hatched. By the end of March seven 
chicks in all had hatched. 

The cosmonauts were shown on TV 
hand feeding one of the chicks. There 
was genuine joy over the experiment. 

...But Then Deaths 

However, as the days passed it 
became evident that the chicks were 
in trouble. They appeared frail and 
unable to feed themselves from the 
tray. Sadly it was decided that the 
chicks would have to be put to sleep. 

“We hoped that they would huddle 
together and cling to each other," said 
Ganna Meleshko of the Institute of 
Medico-Biological Problems. “But this 
did not happen." 

Meleshko told Tass that the experi¬ 
menters had “succeeded in establish¬ 
ing that the development of the Earth 
embryo in space proceeds normally 
and this is all-important. The rest 
deserves serious scientific analysis.” 
The Inkubator experiment holds out 
the prospect of closed life systems in 
space, the Soviets say, so the experi¬ 
ment will continue despite the dis¬ 
tressing outcome of the first attempt. 

On March 30 the Mir base block 
passed 1,500 days in orbit. At a 
Moscow press conference Aleksandr 
Dunayet, the head of Glavkosmos said 
that the launch of the Kristall module 


Kristall Delay 

An experiment called Monitoring 
was performed to assess the strength 
of the structural elements of Kvant 2 
with acoustic sensors. On April 13 
Tass said that the complex was in an 
orbit of 404 x 372 km with a period of 
92.1 minutes. The men continued with 
checks of the movement control of the 
complex and replacing the exhausted 
elements of the life support and power 
supply systems. 

During April 17 Tass said that the 
cosmonauts had fulfilled many diffi¬ 
cult operations to install additional 
equipment aboard the complex and 
had put into operation a new com¬ 
puter, several electronic interfaces 
and had switched power gyroscopic 
stabilisers of Kvant 2 into Mir’ general 
circuit two days earlier. No word was 
given about the launch of Kristall. 

The next two days passed, again 
with no official word. 

At 0330 on April 20, however, a 
domestic radio report carried an inter¬ 
view with Yuri Semenov, the general 
designer of the Energiya scientific 
production organisation. He said that 
the docking of Kvant 2, in December 
1989, had seen, for the first time, a 
complicated mechanical unit of 12 
gyrodynes deployed in space. 

Semenov admitted that when the 
system had been activated there had 
been breakdowns. Only on April 19 
had the full parameters been obtained 
with 11 to 12 gyrodynes. 

“I must say that 11 gyrodynes are 
capable of affecting the orientation of 
such a complicated cluster designed 
to be controllable with four modules," 


and it would now be launched after the 
complex had been refuelled by an 
unmanned Progress craft to be 
launched during the first ten days of 
May. 

At 2100 that night Radio Moscow 
World Service revealed that the 
launch of Kristall had been delayed to 
June 1 at the earliest. 

In the newspaper Izvestiya the next 
day, deputy flight controller Viktor 
Blagov wrote that the launch had been 
delayed because of the complex’s new 
Salyut 5B computer was being tuned. 
It was replacing the older Argon 16B 
which was finding it difficult to control 
the complex with its complicated spa¬ 
tial configuration and the significantly 
increased quantity of apparatus. 

Five mainframe computers, with a 
total capacity of over 2 million opera¬ 
tions per second were operating on 
Mir, he said. However, intermachine 
compatibility had proved to be more 
difficult than first imagined and the 
first stage tests to confirm that the 
computer was operating successfully 
had only been completed on April 19. 
To complicate matters, the upcoming 
Progress craft used a system that was 
only compatible with the old computer. 

The delays to the Kristall launch 
would mean a 20% loss in production 
and this translated to some 20 million 
Roubles. The flight had been expected 
to make a 25 million Rouble profit. 

Blagov also noted that the Mir base 
b'ock was “steadily coming to the end 
of its resources." 

Progress M-3 Departs 

On April 23 the engine of the Prog- 


232 


SPACEFLIGHT, Vol. 32, July 1990 





MIR MISSION REPORT 


ress M-3 cargo ship was used to refine 
the flight path of the complex. The 
cosmonauts continued to load the ship 
with used equipment, an indication 
that its stay was coming to an end. 

At an unspecified time on April 27 
the cargo ship was separated from the 
complex and the next day the un¬ 
manned craft was commanded to a 
destructive reentry in the Earth’s 
upper atmosphere over the Pacific, as 
planned. 

Progress 42 Arrives 

On May 2 the cosmonauts con¬ 
cluded yet another smelting experi¬ 
ment in the Gallar processing unit. 
They were using the installation (and 
the Mirror Furnace device) exten¬ 
sively for producing semi-conductor 
crystals. Gallar was located in the 
Kvant unit and had produced a crystal 
of gallium arsenide in the latest experi¬ 
ment. The cosmonauts’ next experi¬ 
ment would involve a zinc oxide semi¬ 
conductor. 

At 2044 on May 5 the Progress 42 
cargo craft, the final “old-style” ver¬ 
sion, was launched from Tyuratam by 
a Soyuz carrier rocket. The craft car¬ 
ried 2 tonnes of consumables and 
other cargoes for the cosmonauts. 

On May 7 the cosmonauts worked 
an unusually long day, starting at 0500 
to prepare for the docking of the cargo 


ship. At 2245 the docking of Progress 
42 was accomplished at the rear port 
of the complex. Over the next few days 
the cosmonauts began to unload the 
craft of its cargoes. 

Reports were scant regarding the 
men’s activities over the next few 
days. The Soviets reported on May 14 
that medical checks were being per¬ 
formed and that another “space smelt” 
had ended. On May 15 there were 
more medicals and the men began 
research into the development of 
molluscs in microgravity. May 17 saw 
the start of a smelting to obtain 
samples of helium arsenide and ex¬ 
periments involving oxygen and hy¬ 
drogen emanation during water elec¬ 
trolysis. 

Royal Visitor 

On May 26 the Flight Control Centre 
played host to the British Princess 
Royal, who was paying an official visit 
to the USSR - the first by a member of 
the British Royal family since the 1917 
Revolution. 

During her visit the Princess was 
briefed privately on the mission and, 
during a short period, was able to chat 
with Solovyov and Balandin via a radio 
link with the questions and answers 
being interpreted for her. 

According to reporters the Princess 
was told that there was no problem 


with the Soyuz TM-9, but later report¬ 
ers said that officials of the FCC told 
them that there was a problem with 
Soyuz. 

Preparations for Kristall 

At 0709 on May 27 the Progress 42 
cargo craft was undocked from the 
Kvant port at the rear of the complex 
and, at an unspecified time shortly 
afterwards, was deorbited and de¬ 
stroyed in the upper layers of the 
atmosphere, as planned. The craft 
rounded out the original series of Prog¬ 
ress ships, the first of which had been 
launched in January 1978 to service 
the Salyut 6 space station. 

The series had seen 42 successful 
dockings servicing Salyut’s 6, 7 and 
Mir. The series was also thought to 
include the enigmatic Kosmos 1669 
mission which is still surrounded in 
controversy.That craft resupplied the 
Salyut 7 station after it had been reac¬ 
tivated in heroic style by cosmonauts 
Dzhanibekov and Savinykh in 1985. 

On May 28, the cosmonauts un¬ 
docked Soyuz TM-9 from the front port 
of the complex at 11:48 and, after a 
flight around the complex, Solovyov 
docked with the aft port at 12:12. The 
Soviets said that the Kristall module 
was due for launch on May 31. 

See p 218 for ‘Cosmonauts Face Difficult Repair 1 
and p222 for 'Relief as Knstall Docks' 
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Would you like to work on an interesting 
space project in Europe? 

Then join SAC Consultants Ltd and work 
on assignment to the major aerospace 
companies in Germany, Holland, Spain & 
Italy. 

We are particularly interested to talk to 
Engineers having experience of: 

- Satellite attitude and orbit control 

- Integration verification and test of 
satellite assemblies 

- Environmental and modal testing of 
spacecraft 

- Spacecraft software test engineering 

- Mechanical assembly integration and 
test (AIT) 


SAC Consu 


- Stress analysis of lightweight satellite 
structures 

- EMI/EMC 

We are also interested in Engineers 

experienced in:- 

- Electronic engineering with experience 
of lasers and light detection and 
ranging (LIDAR) 

- Armament control with thorough 
knowledge of US mil. specs. 

Please write to or phone Jo Mellish or Julie 

Poole: Tel. (0272) 421651 Fax. (0272) 

428351. 

SAC Consultants Ltd, Brunswick House, 

Upper York Street, Bristol BS2 8QB. 
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SOVIET 

LUNAR 

LANDER 

REVEALED 

Late last year a group of US scientists from the 
Massachusetts institute of Technology wereable 
to photograph hardware from the Soviet manned 
lunar landing programme. The spacecraft are 
kept at the Moscow Aviation Institute for instruc¬ 
tional use. These and more photographs will 
accompany a paper in the forthcoming Soviet 
Astronautics issue of the Journal of the British 
Interplanetary Society by Peter Pesavento. 

LEFT: The lower portion of the lunar landing craft showing 
the descent stage (which housed three engines) and two of 
the four extended landing legs. 

RIGHT: The interior of what appears to be a lunar Soyuz 
descent module. The craft is equipped with two seats. 

BELOW: A close-up view of the landing craft descent 
stage. Unfortunately the upper portion of the craft was 
obscured by scaffolding. 

All photos Jack L. Kerrebrock © 1989 
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The Soviet Unmanned Space Fleet 

For many years the Soviet Union has operated a fleet of unmanned spacecraft that study the Earth 
and carry out material processing experiments. No other country has such a wide range of space¬ 
craft for these purposes. As the Soviet Union attempts to market these craft, Neville Kidger takes a 

look at the Soviet unmanned space fleet 


ALMAZ 


The first Almaz (Diamond) satellite built by the Machinostroenie 
N.P. O. was launched under the codename of Cosmos 1870 in 
July 1987. The launcher was a Proton rocket. 

The Salyut-dass satellite carries a large S-band Synthetic Ap¬ 
erture Radar (SAR) with a resolution of 25-30 metres. 

In the early 1980s the launch of Almaz was postponed for 
several years. The satellite was built at Chelomei's Kruntischev 
Plant in Moscow and stored at Tyuratam. Soviet Defence Minis¬ 
ter Dimitri Ustinov was reportedly instrumental in the delay of 
Almaz. 



With an outward resemblance to a Salyut space station, the 
Almaz satellite’s main body is 7 metres long and 4.15 metres at 
the maximum diameter. The Soviets acknowledge, although not 
directly, that it was an outgrowth of a military reconnaissance 
platform. The development can be traced to the mid 1960s. 

The launch mass is 18,500 kg with over 4,000 kg of scientific 
instrumentation. The internal volume of the payload module is 
90 cu m. The payload module is pressurised with air or nitrogen 
at ground level atmospheric pressure. Internal temperature 
varies from +5 degrees to +35 degrees with an accuracy of +1 
degree. Equipment packages are ventilated with air or gas. 

Two solar panels provide power to buffer batteries. The area 
of the panels is 86 sq m. The satellite has a mean power of 2,400 
w and a peak power capability of 7,500 to 10,000 w. The onboard 
equipment is controlled according to pre-set programmes by an 
onboard computer or directly by radio commands. 

Scientific data are transmitted to ground receiving stations 
via a wide-band radio channel or a relay satellite. 

Attitude control is provided by electro-mechanical inertial 
devices, the main part of which is a spherical flywheel power unit 
on a magnetic mount. The orientation system was first used on 
the Salyut 3 and 5 stations. 

The Almaz SAR comprises two (port and starboard) antennae 
of slotted waveguide design. They are 15 m long and 1.5 m wide. 
Operating wavelength is 10 cm and image size is 20 by 250 km. 
Average radiated power is 60 w and peak radiated power is 190w. 

The SAR can function on port or starboard antenna within the 
swath width of 350 km. From its operational inclination of 72 
degrees the SAR can reach 78 degrees north or south. These 
capabilities allow areas of Earth which cannot be accessed by 
aerial means to be observed. 

The Cosmos 1870 Almaz satellite was deorbited in July 1989 
by means of its own onboard rocket engines. Almaz satellites 
have a planned lifetime of two years. 

The next Almaz is due for launch during 1990. It will be a pre- 


operational version and the Soviets have offered the opportu¬ 
nity for the French agency CNES to provide experiments. How¬ 
ever, the notice was too short to allow CNES to prepare any large- 
scale experiments for that vehicle which will also carry a multi¬ 
channel radiometer operating in the 6-37.5 GHz range with a 
swath width of 600 km. CNES may participate in the third Almaz 
flight, which is due in 1993. 

Ground resolution of the Almaz-2 will reportedly be 15 metres. 


RESOURCE-F1 


Since 1979, Resource-FI has flown 41 successful missions to 
December 1989. It is equipped with the Priroda-4 payload com¬ 
prising: 

- ASA-34 equipment comprising two SA-34 wide-frame topo¬ 
graphic cameras and the SA-33 star sensor for attitude con¬ 
trol. Focal length of the SA-33 is 250 mm and stars down to 
magnitude 5 can be imaged. The SA-34 camera frame size is 
180 x 180 mm and focal length 200 mm. The cameras operate 
in three spectral bands from 510 to 850 mm. 

- Two SA-20M long-focus, wide-frame cameras. Frame size 
300 x 300 mm, focal length 1000 mm. Black-and-white pictures 
have resolutions of 6-8 m while spectrozonal pictures are 10- 
12 m. 1,800 frames can be taken. 

The SA-34 cameras provide stereo pictures of the 
groundtrack and the SA-20M cameras provide pictures to the left 
and right of the groundtrack with a 5% overlap. Coverage from 
250 km is 27 million km 2 for the SA-34 and 16 million km 2 for the 
SA-20M. 

Orbital heights vary from 250 to 400 km at inclinations of 62.8 
degrees and 82.6 degrees. 



Resource-FI lifetime is 25 days with 11 of those days in “on- 
duty” mode. Earth oriented periods are interleaved with passive 
orientation and orbital manoeuvres. 

The satellite has two main sections: a spherical 2.3 m diame¬ 
ter re-entry vehicle, upon which is mounted a vernier engine 
installation, and an instrument module containing thermal con¬ 
trol, telemetry, power generation, attitude control and payload 
command systems. 

Small materials processing experiments can be flown on 
Resource-F satellites. Such opportunities are marketed by the 
Soviets commercially. The first to be flown was the Cosima-2 
experiment for the German firm Intospace. The flight was booked 
by the company Kayser Threde GmbH. The experiment was 
booked in April 1989 and flown in September of that year. 


RESOURCE-F2 


The Resource-F2 variant has flown 4 missions between 1987 and 
December 1989. It is equipped with the MK-4 camera system 
which comprises: 

- SA-M multizonal camera with a frame size of 180 x 180 mm, 
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focal length 300 mm. It can survey the Earth in four spectral 
bands simultaneously in the range 400-860 nm. Resolution is 
5-8 m in the multizonal range and 8-12 m in the spectrozonal 
range. 

SA-3R star sensor. Frame size is 80 x 170 mm, focal length 
280 mm. It can image stars down to magnitude 5. From these 
images the satellite's position can be determined at the mo¬ 
ment of Earth imaging. 

Coverage from 250 km is 20.7 million km 2 . 

The satellite can spend 30 days working in space to enable 



double, or triple coverage. The “on-duty” mode has been dis¬ 
carded for the Resource-F2 satellite which operates at altitudes 
of 210 to 450 km and inclinations of 62.8 degrees to 82.6 degrees. 

The mass of the Resource-F2 is 6,300 kg. Power is supplied 
from solar batteries. The satellite has carried two sets of two Pion 
passive atmospheric research satellites which were deployed 
in orbit during 1989. 

The Resource-F satellite was designed and built by the Pho¬ 
ton Bureau which says that the re-entry vehicle and the cameras 
can be used again after their recovery. 

The Bureau said that the Resource-FI version has recover¬ 
able capsules with equipment designed for space experiments 
mounted on its body. Resource-F2 accommodates scientific 
equipment for conducting experiments in a recoverable capsule, 
mounted module, reentry vehicle, instrument module and out¬ 
side the spacecraft. 


RESOURCE-O 


Based upon the Meteor spacecraft bus, the Resource-O is de¬ 
signed for hydrometeorology and exploration of the Earth’s 
natural resources. 



The spacecraft has a mass of 1,840 kg and can carry a pay- 
load of 600 kg. 

The payload includes: 

- MSU-E high resolution multiband CCD scanner. This instrument 
has 3 spectral bands and ground resolution of 45 km. 

- MEU-SK average-resolution multiband conical scanner, operat¬ 


ing in five spectral bands. Visible and Infra Red resolution 150 m 
in 4 channels and 600 m in a fifth. 

- RSL-BO lateral-looking radar with synthesized aperture. Oper¬ 
ating at 9.2 cm and a ground resolution of 200 km. 

- UHF-radiometer (microwave radiometer) operates in 4 spectral 
bands from 0.8 to 4.5 cm and a ground resolution of 17 km at 0.8 
cm. 

The Resource-O spacecraft operates from a sun-synchro¬ 
nous orbit at an altitude of 650 km. The spacecraft is designed to 
operate for 2 years. First launch was Kosmos 1939 on a Vostok 
carrier rocket from Tyuratam. It replaced Meteor 1-30 Meteor- 
Priroda. 


METEORS 


The three-axis stabilised Meteor-3 spacecraft is the latest ver¬ 
sion of the successful weather monitoring series first launched 
in the late 1960s. 

The spacecraft series, as well as the Meteor-Priroda and 
Resource-O variants, have been designed and built by the All- 
Union Research Institute for Electromechanics (VNIIEM)’. 

Meteor-3 has a mass of 2,150 kg and a payload of 700 kg. The 
Soviet data described the version carrying foreign (ie French and 
American) experiments. 



The spacecraft consists of an instrumentation frame and the 
cylindrical hermetically sealed housing. Service systems and 
scientific equipment electronics are installed inside the hous¬ 
ing. 

The three-axis electromagnetic stabilisation employs local 
vertical sensors and gyroscopes for attitude.sensing. 

The two solar panels are kept oriented towards the Sun by 
means of an electromechanical solar tracking drive. 

An orbit correction system employs an electric-rocket engine. 

The payload of the version described comprises: 

- TV equipment operating in a single spectral band with a 
ground resolution of 0.7 x 1.4 km. 

- High resolution IR radiometer, again operational in a single 
spectral band of 10.5 to 12.5 microns. 

- IR spectrometer with 10 spectral bands. 

- UV spectrometer of back-scattered radiation operational in 
eight spectral bands. 

- Ozone-M, a multichannel UV spectrometer with 4 spectral 
bands. 

- TOMS, a US-manufactured ozone mapper operating in six 
spectral bands. 

- ERBE, a French-made radiation balance monitor with 4 spec¬ 
tral bands. 

- PMK, a radiation metering complex. 
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Meteor-3 spacecraft are launched from the Plesetsk site on 
Cyclone carrier rockets. They operate from orbits of about 1200 
km altitude. 

' VNIIEM has also produced the special motors/flywheels and 
control movement gyrodynes for the Kosmos 1870, Salyut and Kvant 
spacecraft as wel as control systems and solar battery drives for 
Soyuz and Salyut stations. 


GOMS 


The VNIIEM is currently testing the first Geostationary Opera¬ 
tive Meteorological Satellite (GOMS). The spacecraft is to be 
launched in 1991. 

GOMS features three-axis stabilisation as well as size, mass 
and power supply reserves. The VNIIEM did not provide a dia¬ 
gram of the spacecraft but has provided basic characteristics. 
VNIIEM says that proposals concerning the integration of micro- 
wave and infrared spectrometers onto the spacecraft by ESA 
would be welcomed. 

Spacecraft mass is to be 2,400 kg with payload of 650 kg. The 
service life of the craft will be 2-3 years. Orientation accuracy is 
said to be 2-5 arc min. 

The spacecraft carries the following instruments: 

- TV equipment to image clouds and other surface features in 
visible and IR bands. There are at least two spectral bands 
available: 

- Radio measurement complex for the measurement of radia¬ 
tion and magnetism for heliogeophysical monitoring: 

- Onboard retransmitting radiotechnical complex. This col¬ 
lects, transmits and retransmits hydrometeorological and helio¬ 
geophysical information from remote data collection platforms. 
Facsimile and digital information can be transmitted at 1.2 to 480 
kbps with a 100 bps transmission rate for the remote data collec¬ 
tion platforms. 


The spacecraft contains experiments for materials process¬ 
ing. These include both metals and biotechnical materials. 

The aims are: 

- The study of space processed alloys, optical materials, etc., 
having new or advanced properties compared to Earth-proc¬ 
essed materials; 

- The study of heat transfer processes to test semi-conductor 
technology in the microgravity conditions of space; 

- The testing of technological facilities and systems to enable 
their future use in commercial production in space, and 

- The study of the conditions for conducting technology experi¬ 
ments. 

The special-purpose facilities, such as the Splav-02 furnace, 
the Kashtan electrophoresis unit and the Zona furnace* * are 
accommodated in the spherical reentry vehicle. Support i sys¬ 
tems are installed in the instrument module and power supply 
systems are in a special container. The chemical batteries 
generate 400 w of power on a daily average with a peak of 700w. 




The spacecraft mass is 6,200 kg and the reentry vehicle can 
carry a paybad of 700 kg (on the 1989 flight the payload weight 
was 405 kg). The flight duration is 14 to 16 days in orbits of 220 
to 400 km at inclinations of 62.8 degrees. Launch is conducted 
from Plesetsk on the Soyuz carrier rocket. 

The spacecraft’s basic scientific equipment is reusable as is 
the reentry vehicle itself. The 1989 craft was being used for the 
third time. 

The 1989 flight also featured a commercial payload flown for 
the French CNES agency built by Matra. The German firm of 
Kayser-Threde is offering a 200 kg payload capacity on Photon 
missions on a commercial basis. 

The Soviets say that extra payload can be iristailed on some 
Photon craft Small satellites with weights not exceeding 100 kg 
or 0.1 cubic metres in volume, can be placed into orbits of 200- 
400 km or 250-300 km, with inclinations of 62.8, 72 and 82.3 
degrees. 


NIKA 


PHOTON 


The Vostok-based Photon spacecraft, from the design bureau 
of the same name, has completed five successful missbns to 
December 1989. The missions are usually flown once per year 
in either March or April.* 


* 1990 Photon Mission lasted trom April 11 - April 27. 


The next generation qf,. spacecraft from the Photon bureau will 
be the Nika series. It will provide increased power generation 
and higher paybad capacity during flights of much longer dura¬ 
tion than the Photan series. Beginning in about 1993 to 1995 the 
Nika spacecraft will fly missions lasting 90 to 120 days. 

The spacecraft mass will be about 9 tonnes with a payload of 
1,200 kg. Launch will be accomplished by the Zenit carrier rocket 
into a sun-synchronous orbit with a 97 degree inclination. The 
spacecraft will be three-axis stabilised to minimise vibration. 
The sun-synchronous orbit will reduce the amount of movement 
needed by the spacecraft's two solar panels. 

Power supply and thermal control systems are designed to . 
allow the solar panels and a slewing radiator to control the out¬ 
put power and heat ejection by removal or installation of photo¬ 
electric cells, solar flaps and radiator shutters. Power genera¬ 
tion is up to 6 kw with 4.5 kw being consumed by the basic equip¬ 
ment Internal thermal control means that the temperature can 
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be maintained between 0-40 degrees C. 

All systems and assemblies are to be accommodated in a 
special module which also contains some non-returnable scien¬ 
tific and basic equipment. 



The processed materials are to be returned in a redesigned 
reentry vehicle which features a new soft-landing system. Two 
hatches, with diameters of 1 and 1.7 metres respectively, are 
used to install the basic equipment. 

Nika will feature a small Czechoslovakian-made sub-satellite 
called an orbital tug. Microaccelerometers mounted on a sub¬ 
satellite will record non-gravitational forces which cause 
changes to the spacecraft’s flight path. 

Tug modifications are being planned to place small payloads, 
20 to 100 kg into elliptical orbits with 2,000 km apogees. Later, 
the craft may be used as a basis for a two-stage tug designed for 
transferring small payloads into 2,000 km circular orbits. This 
service, the Soviets say, could be provided from 1995. 


OKEAN 


The Okean series of satellites is a development of the Yuzhnoye 
Scientific-Production Association of Dnepropetrovsk. The 
association has a long and varied history within the Soviet space 
programme dating from the construction of the “Kosmos” 
launcher (B-1) which put the first Kosmos satellite into orbit in 
1962. Several of the subsequent Kosmos satellites were prod¬ 
ucts of the Association. 



In addition to the Okean satellites being offered for interna¬ 
tional cooperation, the Association also markets flight opportu¬ 
nities on the Tsyklon and Zenit launch vehicles. 

The Okean satellite is offered in three versions. The first is 
the flown version, which was first used as Kosmos 1500**. This 
is referred to as the “A” platform. The second version is a modi¬ 
fication of the “A” platform whilst the third is known as the “B” 
platform. 

The Okean satellite operates in an. orbit of about 670 km at an 
inclination of 82.5 degrees. Launch is by the Tsyklon carrier 
rocket from the Plesetsk site. Payload is some 550 kg. Two Kos¬ 
mos satellites carried Okean instruments but the programme 
really became operational with the first Kosmos satellite to carry 
an imaging radar. Kosmos satellites which preceded the first 
named Okean were: Kosmos 1500, 1602, 1766 and 1869. On the 
latter flight the side-looking radar (SLR) failed to deploy. The 
satellite also provides visual and multizonal images. 
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The Okean ”A” platform is an Earth-oriented satellite provided 
with a gravity-gyro attitude control system. The Yuzhnoye As¬ 
sociation lead the development of such satellites in the Soviet 
programme with the development of satellites such as Kosmos 
149. 

The satellite has a vertical arrangement and consists of a 
pressurised container with two solar panels mounted on a rota¬ 
table cross-piece and four turning panels attached to the pres¬ 
surised container and designed for the installation of scientific 
instruments. Scientific instruments and controls can be placed 
inside the pressurised container. 

The current satellite payload includes the following instru¬ 
ments: 

- MSU-M multizonal scanning instrument with 4 channels, 

- MSU-S multizonal scanning instrument with 2 channels and 
a resolution of 350 m, 

- Side-looking radar operating at 3.1 cm with resolution of 1.8 
x 22. km 

- RM-OB single channel microwave scanner. 

- The Condor-2 receiving and transmitting equipment for relay¬ 
ing data from remote data collection platforms, notably float¬ 
ing buoys. 

The second version of the “A” platform will become operational 
in about 1993 and will operate from Sun-synchronous orbit or at 
inclinations of 74 or 82.5 degrees. The orbital height will be 
between 670 to 900 km and payload will be 1,200 kg. 

Proposed payload will include: 

- MSU-SK (M), multizonal scanner with six channels, three 
visible and three IR. Resolution of the scanner will be 200 m 
in the visible band and 600 m in the IR. 

- Ozone optical spectrometer. 

- SLR-D with Iwo channels at 3.1 cm providing 700 km scan¬ 
ning swath either side of the flight path as against the 450 
single-side of the Okean platform. 

- Delta-2 microwave scanner operational in 8 channels. 

- Condor-2 data collection and transmission system. 

The first variant of the “B” platform is under development 
currently for launch in about 1992 by Zenit rocket. 

The “B” platform features a horizontal configuration rather 
than the current vertical one. This allows the payload to have a 
greater Earth-viewing area. The Association is developing fur¬ 
ther refinements to allow more instruments, including interna¬ 
tional ones, to be placed aboard the satellites. 

The support equipment of the “B” platform includes command 
instrumentation, control systems, a solar panel and thermal 
control system. 

The operational orbit for the satellite will be Sun-synchronous 
at about 670 km altitude. The payload will be about 1,600 kg and 
the satellite will have an engine system for orbital manoeuvres. 
Design life is about 1 year. 

The payload of the first “B” platform satellite contains: 

- MSU-M scanner with 4 channels. 

- MSU-SK multizonal scanner with 5 bands, 2 visible, 2 near IR 
and one IR 

- MSU-B multizonal scanner with 8 bands. Three of these are 
visible bands with a resolution of 50 m, two near IR with the 
same resolution and 3 IR bands with resolutions of 100 to 250 
m. 

- MSU-E scanner with 3 channels. 

- Video (Trasser) optical spectrometer with 1 km resolution. 

- SLR-D providing the same capabilities as the second version 
of the “A” platform. 

- Delta-2 microwave scanner operational in 8 channels. 

- Condor^ system. 

In addition, the Association is planning a further upgrade of 
the “B” platform which will be ready for launch in 1995. This will 
operate in Sun-synchronous orbit at 670 - 900 km and will have 
a 3 year design life. The payload of the satellite will be about 2,500 
km. 

** For details regarding reception of signals from Okean satellites see 
■Receiving Okean's Pictures’, Spaceflight June 1989, p 215. 

Also details and examples of Soviet remote sensing spacecraft data 
monitored in the west are contained in the “Soviet Year in Space” publica¬ 
tion of Teledyne Brown Engineering, Authored by Nicholas L Johnson 
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In this article Phillip S. Clark pres¬ 
ents details of the engines that 
power the Impressive range of 
Soviet launch vehicles. The article 
was given at the British Interplane¬ 
tary Society’s Soviet Astronautics 
meeting in June 1988. The article 
has been updated to include infor¬ 
mation that has recently become 
available, including material con¬ 
cerning the N-1 lunar booster. 

Launch Vehicle Block Designators 

The Soviet Union identifies the dif¬ 
ferent stages of its launch vehicles by 
"Block” designators. For a conven¬ 
tional tandem launch vehicle the first, 
second, third ... etc stages are identi¬ 
fied as Blocks A, B, V ... etc (these 
being the first letters of the Cyrillic 
alphabet). If strap-on boosters are 
used then the core igniting at launch is 
designated Block A and the four strap- 
ons are Blocks B, V, G and D: upper 
stages then continue to be designated 
in alphabetical order. 

The Gas Dynamics Laboratory 

Three design bureaus have been 
identified with the acknowledged 
launch vehicle rocket engines, al¬ 
though there are engines for which no 
design bureau is known; whether 
these engines are from one of the 
three known bureaus or from totally 
new bureaus is unclear at present. 

The best-known bureau is the Gas 
Dynamics Laboratory, headed by 
Valentin P Glushko (1906-1989). This 
bureau provided the engines for the 
core and strap-ons of the Vostok- 
Soyuz family of vehicles, both stages 
of the original Cosmos booster, the 
first stage (at least) for the intermedi¬ 
ate Cosmos booster, the Proton first 
stage, the Zenit first stage (also used 
on the Energiya strap-on boosters) 
and possibly the Tsyklon second 
stage. 

Prior to Glushko’s death his writings 
were the major sources of information 
concerning rocket engine technology, 
and therefore about the GDL engines. 
Three series of GDL engines have 
been identified (“RD is Raketnay Dvi- 
gatel - Rocket Motor):- 

RD-100 series: liquid oxygen oxi- 
diser, non-storable propellants 

RD-200 series: oxidiser an oxide of 
nitrogen, storable propellants 

RD-300 series: fluorine oxidiser, 
but only one engine described (RD- 
301). 

The Kosberg Bureau 

Glushko has acknowledged the 
work of the design bureau headed by 
Semyin A Kosberg (1903-1965) in 


By Phillip S. Clark 


producing engines for the upper 
stages of various launch vehicles, but 
Glushko’s descriptions of these en¬ 
gines has generally been none too 
detailed. In fact, most of the informa¬ 
tion for them has come from one 
source, the preparation of which was 
not done by Glushko [1J. 

Only two Kosberg engines have 
been identified by designator. The first 
to have an “RD" designator published 
was the RO-461, the engine used on 
the Soyuz booster orbital stage, Block 
I. The second engine has been identi¬ 
fied in literature as the RD-7, used on 
the Vostok booster orbital stage, 
Block E. However in 1988 Rex Hall 


visited the Gas Dynamics Laboratory 
museum in Leningrad and saw the 
engine with the designator RD-448. 
The significance of the two different 
designators in unclear. 

The Kuznetsov Bureau 

Following Glushko’s death the first 
Soviet details of their manned lunar 
programme were published and it was 
acknowledged that a new bureau to 
engine design had been used for that 
programme. Presumably the role of 
Glushko in that programme’s prob¬ 
lems meant that he prevented details 
being published during his lifetime. 

Korolyov wanted to develop a ve¬ 
hicle using liquid oxygen as an oxidiser 
for the lunar booster, N-1, but Glushko 
wanted to use nitrogen derivatives 
and possibly fluorine. As a result of the 


The RD-170 enqine that powers the Zenit first stage and the Energia strap-on boosters P.S. Clark 
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major disagreement between Koro¬ 
lyov and Glushko the two did not col¬ 
laborate on the lunar booster. Be¬ 
cause all of the established rocket 
engine design bureaus reported to the 
GDL at some point of their chain-of- 
command, the only way that Korolyov 
could get engines built for his booster 
was by collaborating with a completely 
new bureau to rocket engine design 
work. Glushko was actively against 
the N-1 programme and therefore took 
no positive part in it. 

Korolyov turned to the aviation bu¬ 
reau headed by Nikolai D Kuznetsov 
(born 1911), which at that time was 
undergoing a lean period because of a 
general decline in aviation develop¬ 
ment, and Kuznetsov agreed to de¬ 
velop the engines for the N-1 booster. 


The Kuznetsov bureau had under¬ 
taken the testing of new engines for es¬ 
tablished bureaus, but the N-1 en¬ 
gines would be the first that the bureau 
designed itself. 

It is unclear at present whether the 
Kuznetsov bureau also developed the 
engines for the lunar lander or just the 
launch vehicle itself. Also, it is not 
known whether the bureau continued 
with other rocket engine development 
after their work connected with the N- 
1 booster was abandoned after the 
final N-1 engine proving experiments 
in 1976, long after the booster itself 
was scrapped. 

An Unidentified Bureau 

There is probably at least one more 
major launch vehicle engine design 


bureau operating because no-one has 
been identified with the development 
of the liquid oxygen and liquid hydro¬ 
gen engine used on the core of Ener- 
giya: Glushko certainly did not claim 
the engine for the GDL before he died 
although he had the opportunity to do 
so. In addition, a variable-thrust en¬ 
gine is being developed for the LOX/ 
Hydrogen Energiya Upper Stage, 
possibly to be designated Block E. 

Comments on Individual 
Rocket Engines 

RD-107 Engine 

Two variants of this engine have 
been identified: the first was used on 
the original Sputnik vehicle while the 
second was introduced with the Luna 


Application 

Designator 

Development 

Period 

Oxidiser 

Fuel 

Thrust 

kN 

Chamber 

Pressure 

bar 

Exhaust 

Velocity 

m/s 

Burn 

Time 

sec 

Engine 

Mass 

kg 

Gas Dynamics Laboratory- 

First Series (LOX Oxidiser) 








R-1 Missile 

V-1 Geophysical Series 

RD-100 

1945-1948 

Liquid Oxygen 

75% Alcohol 
+ water 

307 

267 si 

16 

2325 
1990 si 

65 

885 d 
1063 f 

R-2 Missile 

V-2 Geophysical Series 

RD-101 

1947-1949 

Liquid Oxygen 

Alcohol 
+ water 

405 

363 si 

21 

2373 
2100 si 

85 

- 

R-5 Missile 

V-5 Geophysical Series 

RD-103 

1952-1953 

Liquid Oxygen 

92% Alcohol 
+ water 

500 

432 si 

24 

2430 
2160 si 

120 

870 d 
10301 

R-7 Missile 

Sputnik Blocks B,V,G,D 

RD-107 

1954-1957 

Liquid Oxygen 

Kerosene 

976 


2996 


* 

Vostok Blocks B.V.G.D 

RD-107 

-1958 

Liquid Oxygen 

Kerosene 

1000 

821 si 

60 

3080 
2520 si 

120-140 

1155 d 
1275 f 

R-7 Missile 

Sputnik Block A 

RD-108 

1954-1957 

Liquid Oxygen 

•- 

Kerosene 

912 

- 

3020 

- 

- 

Vostok Block A 

RD-108 

-1958 

Liquid Oxygen 

Kerosene 

941 

745 si 

N 52 

3090 
2430 si 

285-320 

1250 d 
1350 f 

Soyuz Block A 

RD-108 

-1980s 

Liquid Oxygen 

Kerossene 

- 

- 

3167 

285-320 

- 

Experimental 

RD-110 

1947-1951 

Liquid Oxygen 

Kerosene 

1177 

59 

- 

- 

- 

SS-10 Missile? 

RD-111 

1959-1962 

Liquid Oxygen 

Kerosene 

1628 
1407 si 

80 

3110 
2700 si 


1480 d 
1650 f 

Cosmos SL-7 "Block B" 

RD-119 

1958-1962 

Liquid Oxygen 

UDMH 

105 

80 

3450 

260 

168 d 
179 f 

Zenit "BlockA" 

RD-170 

-1985 

Liquid Oxygen 

Kerosene 

7911 
7259 si 


3305 

140-150 

8755 

Energiya "Blocks B.V.G.D" 

RD-170 

-1987? 

Liquid Oxygen 

Kerosene 

7904 
7257 st 

250 

3295 
3020 si 

145 

8755 

Gas Dynamics Laboratory - 

Second Series (Nitrogen Derived Oxidiser) 







Cosmos SL-8 "Block B" ? 

RD-211 

-1963 ? 

Nitrogen Derived 

- 

- 

- 

3084? 

- 

- 

Experimental 

RD-213 

1954-1956 

Nitric Acid 

- 

- 

- 

- 

- 

- 

Cosmos SL-7 "Block A" 

RD-214 

1952-1957 

Nitric Acid 

Kerosene 

730 

635 si 

44 

2590 
2255 si 

140 

645 d 
755 f 

Cosmos SL-8 “Block A” 

RD-216 

1958-1960 

Nitric Acid 

UDMH 

863 

734.5 si 

74 

2857 
2429 si 

170 

662.5 d 

757.5 f 

Tsyklor. "Block B“ ? 

RD-219 

1958-1961 

Nitric Acid 

UDMH 

883 

75 

2875 

125 

665 d 
755 f 

Proton "Block A" 

RD-253 

1961-1965 

Nitrogen Tetroxide 

UDMH 

1635 
1474 si 

160 

3100 
2795 si 

130 

1280 d 
14601 

Proton "Biock A“ 

RD-253 

-1980s 

Nitrogen Tetroxide 

UDMH 

1745 

- 

- 

- 

- 


Footnote to Table 

Some first stage engines have both vacuum and sea level (si) performances quoted. Engines masses Eire given as dry (“cT) and with propel¬ 
lant flowing (“f") where possible. Where different variants of engines have been identified from Soviet literature, generally only the parame¬ 
ters varying are indicated because the full performance description for all variants is not known. 
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1-3 missions and has been used since. ply in conversion factors in thrust opment period, in turn, suggests the 

(tonnes vs kN) and specific impulse/ second stage of the intermediate 

RD-108 Engine exhaust velocity (sec vs m/s). Both Cosmos booster (SL-8) as a possible 

Three variants of this engine have se ts of data are shown in this listing. application,in which case it would use 

been identified: the first was used on nitrogen tetrozide and UDMH. 

the Sputnik vehicle while the second RD-211 Engine 

was introduced with the Luna 1-3 mis- A graph showing rocket engine RD-213 Engine 
sions. It has been noted by Glushko performance vs development period The RD-213 engine has only been 
that a third variant was introduced in was shown in a copy of Aviatsia i Kos- mentioned in passing by the Soviets, 

the 1980s with an improved specific monautika in 1987 and this included a It was developed during the same time 

impulse. data point for the RD-211 engine. The period as the RD-107, RD-108 and 

designator number indicates an oxide RD-214 engines and it was purely ex- 

RD-170 Engine 0 f nitrogen oxidiser, while the develop- perimental for research into engines 

Slightly different performance fig- ment period and specific impulse using high combustion temperatures, 

ures have been quoted for the RD-170 (here converted to an exhaust vejoc- 
when used on the Zenit booster when j ty) can be obtained directly from the RD-216 Engine 

compared with those stated for the grpph. This engine is credited by the Sovi- 

Energiya strap-on engines. It is un- The application of this engine is un- ets as using nitric acid oxidiser but it is 

clear whether these are real differ- known but the specific impulse is s'ug- known that the intermediate Cosmos 

ences in engine performances or sim- gestive of an upper stage: the devel- booster (SL-8) uses nitrogen tetroxide 


Application 

Designator 

Development 

Oxidiser 

Fuel 

Thrust 

Chamber 

Exhaust 

Burn 

Engine 



Period 




Pressure 

Velocity 

Time 

Mass 






kN 

bar 

m/s 

sec 

k9 

Tsyklon “Block B" 

RD- 

-1966 

Nitrogen Tetroxide 

UDMH 

990 

- 

- 

280 with 
"Block A" 

- 

SS-18 Missile ? 

RD- 

-1973 

Nitrogen Derived 

- 

4952 

230 

- 

- 

- 

Gas Dynamics Laboratory - 

Third Series (Fluorine Oxidiser) 








Expen mental 

RD-301 

1969-1976 

Fluonne 

Ammonia 

98.1 

120 

3928 

750 

- 

Kosberg Bureau - First Series (LOX Oxideser) 








Vostok Block E (Luna) 

RD-448/RO-7 

-1958 

Liquid Oxygen 

Kerosene 

49 

- 

3099 

- 

- 

Vostok Block E 

RD-448/RO-7 

-1960 

Liquid Oxygen 

Kerosene 

54.5 

51 

3173 

430-442 

121 d 

Soyuz Block 1 

RD-461 

-1960 

Liquid Oxygen 

Kerosene 

298 

- 

3236 

230-245 

- 

Molniya Block L 

RD- 

-1960 

Liquid Oxygen 

Kerosene 

67 

- 

3334 

200-207 

- 

Kosberg Bureau - Second Series (Nitrogen Derived Oxidiser) 








Proton "Block B“ 

RD- 

-1965 

Nitrogen Tetroxide 

UDMH 

600 

- 

- 

- 

- 

Proton "Block V" 

RD- 

-1967 

Nitrogen Tetroxide 

UDMH 

600 

- 

- 

- 

- 



Verniers 



30 

* 

- 



Kuznetsov Bureau - First Series (LOX Oxidiser) 








Proton Block D 

Zenit "Block V" ? 

Energiya R&CS ? 

RD- 

-1967 

Liquid Oxygen 

Kerosene 

85 

" . 

3450 

600 


N-1 Block A 

RD- 

-1969 

Liquid Oxygen 

Kerosene 

1471 

- 

- 

110-120? 

- 

N-1 Block B 

RD- 

-1969 

Liquid Oxygen 

Kerosene 

1471 

- 

- 

- 

- 

N-1 Block V 

RD- 

-1969 

Liquid Oxygen 

Kerosene 

441 

- 

- 

- 

- 

N-1 Block G 

RD- 

-1969 

Liquid Oxygen 

Kerosene 

- 

- 

- 

- 

- 

N-1 Block D 

(Possibly Proton Block D) 

RD- 

-1969? 

Liquid Oxygen 

Kerosene 

- 

- 


- 

- 

N-1 Block E 

RD- 

-1969 

Liquid Oxygen 

Kerosene 

- 

- 

- 

- 

- 

Bureau Unknown - First Stage (Nitrogen Derived Oxidiser) 








Tsyklon “Block A" 

RD- 

-1966 

Nitrogen Tetroxide 

UDMH 

2970 


“ 

280 with 
“Block B" 

- 

Bureau Unknown - Upper Stages (LOX Oxidiser) 








Zenit "Block B“ 

RD- 

-1985 

Liquid Oxygen 

Kerosene 

834 

- 

3432 

200-315 

- 



Verniers 


78 

- 

- 

300-1100 


Bureau Unknown - Upper Stages (Nitrogen Derived Oxidiser) 








Tsyklon "Block V" 

RD- 

-1977 

Nitrogen Tetroxide 

UDMH 

78 

- 

- 

118 

- 

Bureau Unknown - Upper Stages (LOX/Hydrogen Propellants) 







Energiya “Block A" 

RD- 

-1987 

Liquid Oxygen 

Liquid Hydrogen 

1961 

1451 si 

- 


450+? 

- 

Energiya "Block E" 

RD- 

-1990? 

Liquid Oxygen 

Liquid Hydrogen 

75- 

100 (var) 

- 

- 

- 

- 
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in both stages, if this is so then the RD- 
216 would have had to undergo some 
modifications for its launch vehicle 
application. Two flD-216 engines are 
used on the-Cosmos SL-8 first stage. 

RD-219/Tsyldon Block B Engine 

Ittias been stated in private commu¬ 
nications between the author and Al- 
exandr Dunayev, the Chairman of 
Glavcosmos, that the RD-219 engine 
is used as the secdnd stage of the 
Tsyklon booster [2], but the Glavcos¬ 
mos literature gives different perform¬ 
ances for this stage than quoted for the 
RD-219 . It is possible either that the 
RD-219 has been modified from the 
original variant generally described or 
- less probably - the RD-219 is used on 
the two-stage variant of Tsyklon and a 
different engine is used on the three- 
stage variant. 

RD-253 Engine 

This engine has been shown in two 
design variants and Glushko has 
noted that an improved thrust engine 
was introduced In the 1980s: whether 
the change in design and improved 
performance are related is unclear. 

RD-448/RO-7 Engine 

Two varients of this engine have 
been described. The first was used as 
the third stage of the original Luna 1-3 
booster and the second introduced for 
the Vostok programme. 

Soviet literature has designated the 
engine- RO-7 but the engine seen on 
display at the GDL museum by Rex 
Hall in 1988 is designated RD-446. It 
is unclear whether the designations 
relate to the different versions or 
whether RO-7 is the Kosberg designa¬ 
tor and RD-448 the equivalent GDL 
designator. 

Proton Block B and Block V Engines 

Basically the same engine is used on 
the second and third stages of the Proton 
booster (four clustered together for the 
Block B and one on the Block V) but the 
Block V variant has a vernier system 
added. 

Tsyklon Block A and 
Block B Engines 

Glavcosmos literature states that the 
combined bum times of these engines is 
280 seconds but individual times for each 
stage are not quoted. See also comments 
about the RD-219 concerning the Tsyklon 
Block B. 

Proton Block D Engine 

Soviet performance data suggest that 
the rocket engine used on this stage is 
also to be used on the planned third stage 
of the Zenit booster and the Retro and 
Correction Stage (R&CS) of the Energiya 
booster. The same engine might also be 
used in pairs as the space shuttle or- 
biter's orbital manoeuvring system. 

The Proton Block D has the same per¬ 
formance requirements as the N-1 Block 



I he RD-253 engine. P S. Clark 

D stage, and therefore they are probably 
the same basic stage and engine. 

N-1 Booster Engines 

The preliminary details noted in the 
table are taken from interviews with 
Mishin. 

The N-1 Block A was a cluster of 30 
engines, the Block B eight engines and 
the Block V four engines. 

Almost certainly, the Block B engines 
were modifications of the Block A engines 
(optimised for altitude ignition): simi¬ 
larly, the Block G Earth escape stage 
might have used a single engine of the 
same type which was used on the Block V 
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ROSAT 


International X-ray/XUV Observatory Launched 

ROSAT Carries British-Built Wide Field Camera 



. 


The ROSAT observatory was suc¬ 
cessfully launched from Cape Ca¬ 
naveral on June 1 by a McDonnell 
Douglas Delta II. The 2,500 kg 
spacecraft is due to study the Uni¬ 
verse in the X-ray and Extreme Ul¬ 
traviolet (XUV) wavelengths for at 
least 18 months. The project Is a 
cooperative venture between West 
Germany, Britain and the US. RO¬ 
SAT carries two instruments, the X- 
ray Telescope (XRT) provided by 
West Germany and the Wide Field 
Camera (WFC) built by a UK consor¬ 
tium led by University of Leicester. 

Launch 

ROSAT was launched on the tenth 
Delta II vehicle from Launch Complex 17 
at Cape Canaveral Air Force Station. The 
123 ft tall rocket blasted off at 17:48 EDT 
on June 1. For 56 seconds the 207,000 
pounds of thrust from the first stage en¬ 
gine was supplement by six strap-on solid 
rocket motors, producing a total lift-off 
thrust of 789.420 pounds. A further three 
strap-on motors were ignited at T+61 sec¬ 
onds and burnt for just under a minute 
before separating at T+122 seconds. 
First stage bumogt occurred almost 87 
miles downrange from the launch pad at 
T+4 minutes 25 seconds. The spent stage 
then separated and the second stage 
ignited. . 

The Delta II was topped by a special 10 
ft fairing, designed to accommodate the 
ROSAT spacecraft. It was based on the 
three section Titan fairing that McDonnell 
Douglas has built for years. NASA funded 
the development of fhe adapted fairing. 
Four minutes 43 seconds after launch the 
fairing was jettisoned by contamination- 
free thruster joints. 

The second stage shutdown occurred 
at T+11 minutes 10 seconds. For about 27 
minutes the Delta II and ROSAT coasted, 
travelling nearly 200 miles downrange. 
The second stage was then restarted for 
3 12 second bum to place ROSAT into a 
580 km circular orbit with an inclination 
of 53 degrees. Forty-three minutes after 
blast-off ROSAT separated from the 
Delta II. 

In-Orbit 

The first major hurdle for ROSAT was 
the deployment of the spacecraft's an¬ 
tenna and solar panels. The satellite’s 
two solar wings were released by pyro¬ 
technic devices and swung into position 
shortly after separation from the Delta II. 
The solar panels are designed to meet the 
spacecraft's maximum power consump¬ 
tion of 905 watts until the scheduled end 
of mission. 

The doors of ROSATs two instruments 
were opened by pyrotechnic devices. The 
door of the UK'Wide Field Camera was 
opened five days after launch. This cru¬ 
cial operation was simulated numerous 


Artist's improsion ot the ROSAT launch. 

times on the ground including tests in a 
vacuum chamber. The opening mecha¬ 
nism was designed with redundant pyro¬ 
technic devices, springs and hinges. 


When ROSAT was designed for launch on 
the Shuttle it would have been possible 
for astronauts to open the doors during a 
spacewalk. 
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During the first two weeks in orbit RO¬ 
SAT will undergo an extensive checkout 
of its onboard systems. During the follow¬ 
ing two weeks the spacecraft instruments 
are to_be calibrated using known X-ray 
and XUV targets. Then the performance 
of the instruments will be evaluated dur¬ 
ing a three week period. 

The Mission 

With the orbital checkout complete, 
ROSAT’s scientific programme will be¬ 
gin. From August 1990 to January 1991 
the orbiting observatory will make an all 
sky survey in the X-ray wavelength. Dur¬ 
ing this ‘scan mode’, about 100,000 
sources are expected to discovered due 
to the increase of sensitivity by a factor 
of one thousand compared with previous 
surveys. ROSAT will also make the first 
all sky survey in the XUV wavelength with 
the UK WFC. 

From February 1991, ROSAT will make 
observations of selected targets from 
1,400 proposals from US, West German 
and UK astronomers. The US has been 
allocated 50 percent of the observing 
time, West Germany 38 percent and Brit¬ 
ain 12 percent. 

X-rays from astronomical bodies can¬ 
not be observed from ground level be¬ 
cause the Earth's atmosphere blocks 
them. Because X-ray emission is charac¬ 
teristic of very high temperatures, X-ray 
astronomy allows scientists to study 
high-energy processes in the Universe. 

Outlined below are some of the topics 
to be explored in the selected observation 
phase of the mission. 

Different types of normal stars appar¬ 
ently emit X-rays by different mecha¬ 
nisms. Relatively cool stars like the Sun 
emit X-rays from an outer corona of hot, 
low-density gas (visible when the bright 
chromosphere is masked, as in an 
eclipse). X-rays are thought to be pro¬ 
duced in the stellar corona by interac¬ 
tions with the stellar magnetic field, heat¬ 
ing gases to 1 million degrees or more. 
Scientists do not fully understand the 
corona phenomenon. ROSAT will enable 
them to study the corona effect in the 
stars. 

Hot stars, which are five to ten times 
hotter than the Sun and ten to one hundred 
times more massive, are also X-ray emit¬ 
ters. It is believed that stellar winds in 
these stars carry shock-heated parcels 
of gas that emit X-rays. 

Very young stars are born in regions of 
contracting gas and dust that generally 
block astronomers' views of X-rays. As a 
molecular cloud condenses, tempera¬ 
tures climb, nuclear reactions begin and 
a star bursts into life.The nature of X-ray 
emission from such young stars is a 
mystery that ROSAT will investigate. 

Supernova remnants, the remains of 
exploded massive stars, can tell scientists 
a great deal about the evolution of a star. 
The source of the explosion, the outward 
propagation, velocity and dynamics of the 
ejecta, the atomic composition of the debris 
and the evolution of the collapsed core are 
all questions of interest to astronomers. The 
supernova observed in the year 1006 AD, 
was the earliest recorded observation of a 



Artists impression ol the ROSAT in orbit 

supernova in this galaxy. X-radiation de¬ 
tected in the constellation Lupus is thought 
to be the remnant of that explosion. RO¬ 
SAT’s high-resolution observations may 
show details of the distrirution of material 
in this remnant. 

Compact objects such as white dwarfs, 
-neutron stars and black holes evolve from 
dying stars when gravity has reduced them 
to the minimum possible volume for their 
mass. The gravitational fields around black 
holes are so strong that not even light can 
escape, and the existence of black holes is 
only established by their, effects on objects 
dose to them. ‘ 

The high spatial resolution of the ROSAT 
telescope will allow determination of the 
first accurate positions for compact X-ray 
sources. Many stars exist in binary sys¬ 
tems, rotating around each another, with the 
compact member of the binary attracting a 
flow of X-ray emitting material from its com¬ 
panion. Detailed analysis of the X-ray data 
will give information about the size and 
shape of the system. 

Normal, galaxies, both spiral and ellipti¬ 
cal, produce X-rays. In spirals, the X-rays 
represent the accumulated emission from 
individual X-ray sources within the galaxy. 
ROSAT, with its improved sensitivity and 
spatial resolution, will allow detection of 
these individual sources in many galaxies. 
X-rays from elliptical galaxies, however, 
appear to originate in gas several millions 
of degrees in temperature. This gas is gravi¬ 
tationally confined and a knowledge of its 
temperature and density will enable scien¬ 
tists to determine the mass of the galaxy. 

When comparing this mass with the mass 
of the stars comprising a galaxy, the differ¬ 
ence will be a measure of dark matter asso¬ 
ciated with the galaxy. The effects of dark 
matter in a few galaxies were detected by 
the Einstein Observatory (HEAO-2) 
launched in 1979. The greater sensitivity, 
spatial and spectral resolution of ROSAT 
will increase the sample of galaxies studied 
and place stronger constraints on the deter¬ 
mination of mass and distribution of dark 
matter in elliptical galaxies. 

Active Galactic Nuclei (AGN) make up a 


small percent of all galaxies. Very large 
amounts of energy are released from their 
nuclei, much more than can be accounted 
for by the stars they contain. The most well 
known class of AGN are quasars, which can 
be observed at very large distances be¬ 
cause they are among the most luminous 
objects in the Universe. The large emis¬ 
sions from AGNs suggest they are powered 
by the release of gravitational potential 
energy as matter accretes on to a massive 
central object, thought to be a black hole. 

Current ideas favour the formation of a 
disc of accreting matter, heated by viscous 
forces as material is pulled inward to the 
black hole. Soft X-rays may originate in the 
hypothesized accretion disk. ROSAT’s 
soft-X-ray timing, and spectral data may 
provide valuable information on the size and 
physical conditions in this disk. Although 
extended optical and radio emitting regions 
have been found in many AGNs, only a few 
cases of extended X-ray emission are 
known. ROSAT’s will allow a detailed study 
of such phenomena, giving scientists clues 
to their physical origin. 

The first X-ray astronomy experiments 
discovered that clusters of galaxies emit 
extensive X-rays. These emissions origi¬ 
nate in the multi-million degree gas perme-' 
ating each cluster: the mass of this gas 
exceeds the mass of visible material. The 
total mass of a cluster can be measured in 
the same way as for elliptical galaxies. 
ROSAT will make it possible to estimate 
mass for lower temperature clusters emit¬ 
ting in the soft X-ray regime. 

The X-ray background comprises a uni¬ 
form emission on which individual X-ray 
sources are superimposed. This back¬ 
ground radiation may be either an interga- 
lactic gas smoothly distributed throughout 
the Universe or a large number of individual 
sources too numerous and weak to be re¬ 
solved by current instruments. The simplest 
way to settle, this question is to observe the 
background with increasingly sensitive and 
high spatial-resolution detectors to try to 
identify any individual sources resolved. 

Next Month - UK involvement in ROSAT 
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Soyuz Could be Damaged Beyond Repair 

Four Cosmonauts Stand-by for Rescue Mission 



The Soyuz TM-9 spacecraft could be more severely damaged than 
first admitted by the Soviets. The three insulation blankets that 
peeled away from the capsule during launch have exposed vital 
systems to the harsh environment of space. Cosmonauts Anatoli 
Solovyov and Aleksandr Balandin were due to examine the exterior 
of the capsule on July 17 during a difficult space walk. Four specially 
trained cosmonauts are preparing for a rescue mission if necessary. 


When Soyuz TM-9 blasted off from 
Baikonur on February 11 three of the 
spacecraft’s eight thermal blankets 
were peeled away from the descent 
module. The blankets, knoVvn as 
shield-vacuum heat insulation, are 
made up of many layers of foil. They 
are designed to protect the capsule 
from extremes of temperature while 
the spacecraft orbits the Earth. 

The Flight Control Center reported 
the damag in late February. Deputy 
Flight Controller Viktor Blagov said the 
main concern was to avoid condensa¬ 
tion inside the capsule. He feared a 
build up of water would short out some 
of the spacecraft’s electrical systems. 
However, these fears have proved to 
be unfounded. By carefully controlling 


the attitude of the space station the 
temperature inside Soyuz TM-9 has 
been maintained at a level where 
condensation is no longer a problem. 

Later press reports revealed that 
one of the blankets was in the field of 
vision of the Infrared Vertical Sensor, 
a vital piece of equipment used to ori¬ 
entate the capsule before reentry. 
According to Mikhail Chernyshev, sci¬ 
ence writer for the Novosti Press 
Agency, controllers fear the protrud¬ 
ing blanket could heat up and confuse 
the sensor. 

However, even if the sensor was 
rendered useless the crew would be 
able to orientate the capsule manually 
using a visual system, cosmonaut 
Sergei Krikalev told Spaceflight. 


New Concerns 

Flight controllers are now worried 
about the affect six months exposure 
to the space environment will have had 
on the components beneath the ther- 
. mal blankets. 

The surface exposed by the blan¬ 
kets faces extremes of temperature 
from +130 to -30 degrees centigrade 
according to cosmonaut Vladimir 
Dzhanibekov. 

“The reentry insulation may have 
been affected,” said Dzhanibekov. 
The ablative material that protects the 
capsule during the fierce heat of reen¬ 
try was not intended to be exposed to 
radiation, atomic oxygen and rapidly 
changing extremes of heat. 

Three research institutes were 
asked to study the problem. Three 
different results were obtained, ac¬ 
cording to Chernyshev. A fourth test 
was conducted. The indications are 
that any damage to the insulation will 
be within acceptable limits. However, 
Soviet space officials still rate the 
problem as serious. The cosmonauts 
were to make a detailed examination 
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of the heat shield during their space- 
walk. 

Another major concern is the condi¬ 
tion of the explosive bolts that sepa¬ 
rate the Soyuz descent module from 
the instrument compartment. About 
two or three bolts may have been 
exposed to space over the last six 
months. 

“It is quite possible [the bolts] are not 
in a good condition,” Dhzanibekov told 
Spaceflight. ‘The only way to find out 
if the bolts are working is to fire them. 
You cannot do that until reentry.” The 
cosmonauts will make a detailed ex¬ 
amination of the bolts to see if there 
is any obvious signs of damage. Each 
bolt contains two explosive devices. If 
the system fails the cosmonauts are 
unlikely to survive reentry and landing. 

Rescue Team Stands By 

Flight controllers face a difficult 
decision. Can they rely on Soyuz TM- 
9 to return the cosmonauts safely. If 
they feel the risk is too great four cos¬ 
monauts are standing by to rescue 
Solovyov and Balandin. One of the 
four will be selected to fly solo to the 
space station aboard Soyuz TM-10. 
The rescue cosmonauts are Vladimir 
Lyakhov, Vladimir Titov, Aleksandr 
Volkov and Anatoli Berezovoi. 

Spacewalk Set 

Solovyov and Balandin were due to 
make their space walk on July 17. The 
two cosmonauts were to leave Mir 


Deadline 
for Juno 


The Juno project has given itself 
until the end of July to find funding 
for the Anglo-Soviet space mis¬ 
sion. 

Following lengthy negotiations with 
the Soviet space authorities Profes¬ 
sor Heinz Wolff has been able to dras¬ 
tically reduce the fee for the British 
astronaut. Under the terms of the new 
contract the project has to raise just 
over £2 million in sponsorship and 
Glavkosmos will guarantee the mis¬ 
sion will go-ahead. The new funding 
target includes a budget for a minimal 
science programme. 

At a meeting on July 16, would-be 
sponsors were given a presentation 
on the Juno mission. A number of 
prominent companies attended. The 
ITV companies, also present at the 
meeting, are understood to be keen to 
re-negotiate for exclusive television 
coverage if the mission goes ahead. 

The British astronauts, Tim Mace 
and Helen Sharman, are continuing to 
train at Star City. 


Soyuz Trouble Spots 


Parachute Container 

could be damaged 
durng spacewalk 


Explosive Bolts 

might not operate 


through the Kvant-2 airlock and make 
their way to the damaged Soyuz using 
a ‘ladder’ delivered by Kristall. After a 
thorough inspection of the spacecraft 
they will either attempt to clip the blan¬ 
kets back in place or remove them 
entirely. 

According to Chernyshev there is a 


Heat Shield 
could be damaged 


danger that the spacewalk will cause 
further damage. The blankets may get 
caught of one of the spacecraft’s an¬ 
tenna or worse still the parachute 
container cover might be damaged. 

Some Soviet cosmonauts believe it 
may take more than one spacewalk to 
complete the operation. 


Soviets Re-Think Capsule Plan 


Soviet space officials are currently re¬ 
viewing their plans to use a small recov¬ 
erable capsule to return substances 
manufactured in mlcrogravlty, accord¬ 
ing to a Soviet cosmonaut 

Later this year the Soviet Union planned 
to test a capsule designed to return about 
150 kg of payload to Earth. However. Soviet 
cosmonaut Sergei Krikalev told 
Spaceflight the capsule system may be 
abandoned. 

The recoverable capsule is “a very com¬ 
plicated and expensive system,” Krikalev 
said. Soviet officials are currently discuss¬ 
ing plans to scrap the capsule and use an 
unmanned Soyuz TM craft instead. 

On the upward journey, the Soyuz TM 
would carry supplies that would normally be 
transported by a Progress-M. Once the 
cosmonauts have emptied the spacecraft, 
the Soyuz descent module can be loaded 


with cargo for the return to Earth. 

‘The cost of launching a Progress is less 
than that of launching a Soyuz but the differ¬ 
ence between the two is small,” Krikalev 
said. So it would be more economic to use 
the unmanned Soyuz - which can carry a 
greater payload - than the recoverable cap¬ 
sule, he said. 

The original plans had called for the cap¬ 
sule to be tested for the first time this Au¬ 
tumn. The loaded capsule would be inserted 
into the hatch of the Progress-M before 
undocking. When the spacecraft reenters 
the atmosphere the capsule survives and 
parachutes to Earth. 

With the Kristall module in full production 
the Soviets will have increasing quantities 
of payload that has to be returned to Earth. 
A new way of ferrying this cargo between Mir 
and the space station will soon become es¬ 
sential. 


Soviet Crews Named 


Six cosmonauts are in training for the 
next three Soyuz TM missions to the Mir 
space station. 

■ Soyuz TM-10 will blast off on August 1 
with Commander Gennady Manakov and 
Right Engineer Gennady Strekalov. 

■ Soyuz TM-11 will carry the joint Soviet- 
Japanese crew. Commander for the mis¬ 
sion will be V.M. Afanasyev. Musa Manarov 


will serve as Right Engineer. The cosmo¬ 
nauts will be accompanied by a Japanese 
reporter Toehiro Akiyama or Ryoko 
Kikuchi. 

■ The May 1991 flight of Soyuz TM-12 is 
likely to include the British Juno astronaut. 
The mission will be commanded by rookie 
cosmonaut Anatoli Artsebarsky. Sergei 
Krikalev will be Flight Engineer. 
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Bush Fights to Save Mars Mission 


President Bush is fighting to save his Space Exploration Initiative (SEI) that 
proposes a return to the Moon and a manned mission to Mars. On the 20th 
anniversary of the first lunar landing, Bush committed the US to “a sus¬ 
tained programme of manned exploration of the Solar System... and the 
permanent settlement of space.” However, some sections of Congress has 
been less than enthusiastic about the SEI. The programme was dealt a dev¬ 
astating blow on June 12 when the House Appropriations Subcommittee 
made substantial budget cuts. In addition NASA faces cuts in other pro¬ 
grammes including Space Station Freedom. 


NASA’s 1991 budget request included 
$952 million for the SEI - roughly $764 mil¬ 
lion for ongoing exploration programmes 
and $188 million for new activities to sup¬ 
port the President’s initiative. The 
amount of the request which could be 
solely identified with SEI was about $300 
million. 

On June 12, the House Appropriations 
Subcommittee, which oversees the 
budget of NASA, cut $300 million out of 
the total request of $952 million. 

President Bush has reaffirmed his sup¬ 
port for the space programme and the SEI 
in particular. 

“I think that the United States must 
remain way out front on science and tech¬ 
nology and .this broad programme... 
should be supported,” Bush told report¬ 
ers during a visit to the Marshall Space 
Flight Center on June 20. 

The President said he understands 
critics who ask how the administration 
could propose a major space initiative 
when the United States faces a large 
budget deficit. “But we’re talking about 
stretched-out financing and... hopefully a 
continued dynamic economy,” he said. 


“And between the two, we can accommo¬ 
date this goal if we all get with it” 

“Unfortunately not everyone on Capi¬ 
tol Hill shares this commitment to invest¬ 
ing in America’s future,” Bush later said. 
“Last week the House Appropriations 
Subcommittee for space voted to pull the 
plug on this historic undertaking, com¬ 
pletely gutting the seed money we pro¬ 
posed for the Moon/Mars mission. 

“History tells us what happens to na¬ 
tions that forget how to dream," he con¬ 
tinued. “The American people want us in 
space. So let us continue the dream - for 
our students, for ourselves and for all hu¬ 
mankind.” 

Other NASA projects have been hit by 
the House budget cuts. Space Station 
Freedom, a regular target for cuts, has 
been approved $195 million less than 
NASA’s request. »The space station 
budget was already tight and the loss may 
delay Freedom’s assembly. Despite the 
cut the space station budget represents 
an increase of $560 million over last 
year's allocation for the project. In the 
coming years Freedom will require an in¬ 
creasingly larger budget as the manufac¬ 


ture of hardware begins. 

Space Shuttle operations face a cut of 
$100 million from the $4.4 billion re¬ 
quested. However, the committee did add 
$35 million to the $309 million allocated 
for the development of the Advanced 
Solid Rocket Motor (ASRM) to replace the 
present Solid Rocket Boosters. The 
ASRM is scheduled to come into use in 
1994. 

The National Aerospace Plane (NASP) 
fared better than expected. The proposed 
budget of $119 million was cut by just $5 
million. 

The Subcommittee approved NASA’s 
request for $2.25 billion for personnel. 
This is a major boost for NASA’s effort to 
stop the so-called ‘brain drain’. In recent 
years the agency has found it difficult to 
recruit and retain employees because of 
the higher salaries being offered in the 
private sector. 

Overall NASA lost $800 million from its 
proposed 1991 budget of $15.1 billion. 
However, the funds represent a 17.5 per¬ 
cent increase over the agency’s budget 
for last year. 

The subcommittee’s proposed cuts 
must still be approved by the full House 
of Representatives and the Senate has 
not yet acted on the NASA budget. 
Agency officials hope some of the cuts 
will be revised in NASA’s favour as Presi¬ 
dent Bush is lobbying hard to reinstate 
funds for the Moon/Mars missions and the 
space programme in general. If he fails 
the future for the SEI looks very bleak in¬ 
deed. 


Outreach Program Looks For New Moon-Mars Ideas 


NASA and the National* Space Coun¬ 
cil have created the Outreach Pro¬ 
gram to review new proposals for 
Moon and Mars missions for Presi¬ 
dent Bush’s Space Exploration Ini¬ 
tiative (SEI). 

Industry, colleges, universities, engi¬ 
neering schools, professional institutes 
and the general public have been invited 
to provide ideas on mission concepts and 
their architectures and ideas for the sys¬ 
tems and technology for travel to the 
Moon and Mars and working productively 
on both worlds. 

Former astronaut Tom Stafford is 
chairing the group that will assess the 
proposals submitted through the Out¬ 
reach Program. General Stafford spoke 
to Spaceflight about his task: 

What was the reason for starting the 
Outreach Program? 

The Vice-President, the President and 
the Space Council wanted a fresh look, a 
look at new innovative ideas because 
there were several different proposals 
that had started to float around. 



General Tom Stafford 

Why were you selected for this Job? 

They said they wanted an individual who 
was very knowlegabie on space, has ex¬ 
perience in space, is still current on a lot 
of things and has a reputation for manag¬ 
ing things. 

What is the time factor? 

At present we are setting up our offices. 


The first information will start flowing in 
to us in August. The final report is due in 
next February or March. 

Are you going to be seeking proposals 
from possible international partners? 

The Outreach Program is looking for 
ideas from around the world and we have 
a process by which they can be submit¬ 
ted. Probably this will be included in each 
one of the architectures. 

Can you explain in more detail what the 
end product will be? 

A series of architectures that will say the 
type of mission, the profiles, spacecraft 
and also what does it take in education, 
ground support and resources. There will 
be a series, for you could go to Mars once 
or you could go there stay and come back 

Continued p.258 


MEN ON MARS BY 2019?: Hopes that the first 
manned Mars landing can be accomplished by 
2019 could be flashed if Congress does not rein¬ 
state funds allocated to President Bush's Space 
Exploration Initiative (SEI). This artist's impres¬ 
sion depicts one concept for a Mars landing ve¬ 
hicle. Boeing Aerospace & Electronics 
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Outreach Program 

Continued from p.256 

or you could have a space station around 

Mars. 

We will not say "Take this architec¬ 
ture", but will say "Here is a series from 
which NASA and the National Space 
Council can make decisions to go forward 
with". We will also put forward the tech¬ 
nologies required and the priorities in the 
technologies and from that they can have 
a road map on how to forecast their 
budget, to go back to the Moon and on to 
Mars. 

Will you be assessing the cost of each 
of these options? 

All we can say is what is less costly than 
another but we cannot put a figure on it. 


Will you be assessing the results of 
NASA’s 90 day study? 

Sure. NASA will also be submitting new 
data to me but they will not be submitting 
any architectures, they will just submit 
pieces of things and it will be up to us to 
put them together. 

Who actually receives the report? 

A copy goes to the NASA Administrator, 
the National Space Council and to Con¬ 
gress. 

One of the possibilities that has been 
discussed is the use of the Soviet En- 
ergia booster. Will this be considered 
in your study? 

I am sure that it will be a proposal but how 
it comes out in the architecture... I just do 
not want to judge that since I have not 
seen any data 


Advanced Solid Rocket 
Facilities to be Built 


NASA has awarded an approxi¬ 
mately 3-1/2-year contract to Lock¬ 
heed Missiles and Space Co., Sun¬ 
nyvale, California, for design and 
construction of facilities to pro¬ 
duce and test the next-generation 
space shuttle solid rocket motor. 

The new shuttle motor, designated the 
Advanced Solid Rocket Motor (ASRM), 
will replace the shuttle’s current booster 
motors in the mid-1990s. 

The contract, awarded May 25 by 
Marshall Space Flight Center, is a com¬ 
panion to one awarded to Lockheed on 
May 11, covering design, development, 
test and evaluation of the new rocket 
motor. Lockheed is subcontracting the 
ASRM facilities work to RUST Interna¬ 
tional, Birmingham, Alabama. Design 
and plant operation subcontractor is the 
ASRM Division of Aerojet. 

The facilities contract is valued at $550 


million, with approximately $314 million 
designated for the design and construc¬ 
tion of new buildings or modification of ex¬ 
isting structures, and approximately 
$236 million for purchase and installation 
of tooling and equipment. 

The manufacturing facilities will be 
built principally at Yellow Creek, a gov¬ 
ernment-owned site near Luka in extreme 
northeastern Mississippi, in addition, a 
static motor test-firing stand will be 
added at NASA’s Stennis Space Center, 
nozzle production capability will be 
added at the NASA Michoud Assembly 
Facility and test installations at Marshall 
will be expanded. 

The construction effort will employ a 
peak work force of approximately 1,000 
to 1,500 people. More than 60 buildings 
at Yellow Creek, Stennis and Michoud will 
be constructed, refurbished or ex¬ 
panded, with Yellow Creek being the site 
of most of this activity. 


Go-Ahead for Europe’s Second 
Remote Sensing Satellite 


It was announced at the ESA Coun¬ 
cil meeting held in pads on June 27- 
28 that funds were now available to 
start the ERS-2 (European Remote 
Sensing Satellite) programme. 

The new satellite will be similar to ERS- 
1, which is due for launch in early 1991. 
ERS-2 will continue the provision of data 
needed to improve the scientific under¬ 
standing of the roles played by the oceans 
and ice in determining global climate. 

In addition, ERS-2 will carry the Global 


Ozone Monitoring Experiment (GOME) 
which will provide valuable insights into 
the depletion of the ozone layer. 

ERS-2 will be launched by an Ariane 4 
in 1994. 

The 12 participating states in the ERS- 
2 programme are: Austria; Canada, Den¬ 
mark, France, Germany, Italy, Nether¬ 
lands, Norway, Spain, Sweden, Switzer¬ 
land, United Kingdom. 

The UK is investing £60 million in the 
ERS-2 project, according to Industry Min¬ 
ister Douglas Hogg MP. 


US Go-Ahead for 
Cape York Project 

The US Administration has given permis¬ 
sion for United Technologies to partici¬ 
pate in the Cape York Spaceport venture. 
The go-ahead for US cooperation in the 
project was seen as a major hurdle. 

It was earlier thought that the US would 
refuse to allow the USBI division of United 
Technologies to become site manager for 
the proposed Australian spaceport, which 
should begin operations in 1995. 

The Cape York Space Agency plans to 
buy Soviet Zenit boosters to launch West¬ 
ern satellites from Australia’s north-most 
peninsula. Cape York’s proximity to the 
equator gives the Zenit booster addition 
payload capacity. It should be possible for 
the Australian agency to offer very competi¬ 
tive launch prices. 

The Bush Administration was under pres¬ 
sure from the US launch industry to refuse 
USBI’s application to cooperate in the proj¬ 
ect citing technology transfer risks. Cape 
York officials have repeatedly assured the 
US that the Soviets are involved in the proj¬ 
ect purely as equipment suppliers. The sat¬ 
ellites and launch vehicles will be proc¬ 
essed by Western technicians at the Cape 
York site. The Australian arguments won 
and the project is one step closer to becom¬ 
ing a reality. 

The next major hurdle for the Cape York 
Space Agency is to get final approval to 
begin construction of the spaceport Local 
aborigines are opposing the project which, 
according to their spokesman, is a ‘threat to 
their land’. An environmental impact study 
will soon get under way. 


National Aero-Space 
Plane 

Contractor Team 
Chosen 

Thfe Department of Defense and NASA 
have established a national team of con¬ 
tractors to continue the challenging re¬ 
search and development of the National 
Aero-Space Plane (NASP). 

With the engineering and technology 
bases available from Rockwell Interna¬ 
tional, McDonnell Douglas, Pratt and Whit¬ 
ney, General Dynamics and Rocketdyne, 
the federal government expects to benefit 
from the collaboration of ideas from these 
five organizations. 

The presidentially directed joint DoD/ 
NASA programme objective is to develop 
and demonstrate hypersonic technologies 
with the ultimate goal of a single-stage-to- 
orbit NASP vehicle. The vehicle would be 
capable of horizontal takeoff and landing 
and long-range, hypersonic flight within the 
atmosphere. 

With the national contractor team, DoD 
and NASA take a unique first step in formu¬ 
lating a single team of contractors working 
together to develop technologies for future 
hypersonic aircraft. The team will conduct 
the design and development activities nec¬ 
essary to proceed with the X-30 research 
aircraft and develop a competitive technol¬ 
ogy base for future systems. 
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Rockwell International artists add Endeavour's distinguishing marks 


Rockwell International 


Endeavour Powered Up 

The Space Shuttle Endeavour was powered up on July 5, ten days earlier than scheduled. It 
will now begin several months of electrical tests. All major components will have been in¬ 
stalled by October. The orbiter is due to make its first space flight in February 1992. 


Space Law Suits 


By Les Winick 

Homewood, Illinois 


The first jury trial involving a mishap 
in outer space took place in Chicago 
recently. Three reinsurance compa¬ 
nies sued the manufacturer of a tele¬ 
communications satellite upper stage 
that failed. 

The reinsurance companies paid $5.6 
million to Indonesia’s PERUMTEL tele¬ 
communications agency when Palapa B2 
was stranded in the wrong orbit when its 
PAM-D upper stage solid rocket motor 
failed to operate correctly. The reinsur¬ 
ance companies were trying to recover 
their losses from the private companies 
that built the motor. 

The Chicago law firm, Lord Bissell & 
Brook, successfully defended British 
Petroleum Ltd.’s Hitco subsidiary, which 
made the part of the launch vehicle that 
allegedly failed. Another Chicago law 
firm, Alder Kaplan & Begy represented 
Thiokol Corp. which was found not negli¬ 
gent in making and designing the rocket’s 
motor. Thiokol did pay a token $37,000 for 
breach of warranty of the product. 

Celestial law has arrived and evidently 
several Chicago attorneys have made it 
to outer space by successfully defending 
their clients. 



The Palapa B2 satellite is deployed from the 
Space Shuttle Challenger on February 6, 1984 
The spherical PAM-D motor beneath the satellite 
tired incorrectly stranding the spacecraft in a low 
Earth orbit. NASA 


NEWS IN BRIEF 


Hubble Team Named 

NASA has named the team to investigate 
the Hubble Space Telescope’s spherical 
aberration (see p.270). The board of inves¬ 
tigation, chaired by Dr Lew Allen, has been 
formed to ‘review, analyze and evaluate the 
facts and circumstances regarding the 
manufacture, development and testing of 
the Hubble Space Telescope Optical Tele¬ 
scope Assembly. The members are: Char¬ 
les P. Spoelhof, (retired) Vice President, 
Eastman Kodak; George A. Rodney, Asso¬ 
ciate Administrator for Safety and Mission 
Quality, NASA HQ; John D. Mangus, Head, 
Optics Branch, Space Technology Divi¬ 
sion, NASA Goddard Space Flight Center; 
Dr R. (Rob) Shannon, Professor of Astron¬ 
omy, Optical Sciences Center, University 
of Arizona; and Dr Roger Angel, Professor 
of Astronomy, Steward Observatory, Uni¬ 
versity of Arizona. 


CRRES Set for Launch 

The Combined Release and Radiation Ef¬ 
fects Satellite (CRRES) was scheduled for 
launch on July 17 as this issue of 
Spaceflight went to press. The satellite will 
be launched by an Atlas-Centaur from 
launch complex 36 at Cape Canaveral Air 
Force Station. The first of two launch win¬ 
dows on July 17 opens at 15:41 EDT. 

Molniya Launcher Fails 

Cosmos 2084 has been stranded in a use¬ 
less orbit after its the upper stage of its 
Molniya booster failed. The Cosmos was 
believed to have been an early warning sat¬ 
ellite. 


Atlas for GE Astro 

GE Astro intends to use an Atlas vehicle to 
launch a replacement for the Japanese BS- 
2X satellite destroyed in the Ariane V36 
explosion, according to reports. If the story 
is confirmed it will be a blow for Arianespace 
which had hoped to win the contract. 


Titan 4 Booster Damaged 

A segment of a Titan 4 solid rocket motor has 
been damaged during transit. The segment 
is a component for an upgraded version of 
the Titan 4 solid rocket motor. The damage 
will delay a static test of the motor but will 
not affect the flight schedule. The US Air 
Force anticipates increasing the Titan 4 
launch rate to ten per year. 

Intelsat Launch 

A Commercial Titan III launched a further 
Intelsat 6 telecommunications satellite on 
June 23. Unfortunately, the satellite's apo¬ 
gee kick motor did not perform correctly 
causing the spacecraft to wobble. The sat¬ 
ellite had to use its on board thrusters to 
stabilize itself losing about six months of on- 
orbit lifetime because of the propellant con¬ 
sumed. 
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Go-Ahead for INTELSAT Rescue Mission 


The INTELSAT board has ap¬ 
proved a plan to reboost 
INTELSAT 6-F3, which has been 
stranded in a low earth orbit since 
its launch by a Commercial Titan 
III. INTELSAT will pay NASA over 
$90 million to rescue the satellite. 
Scheduled for February 1992, the 
satellite salvage will be a high- 
profile mission. Not only will two 
spacewalking astronauts attempt 
the difficult repair, but it will be the 
maiden flight of the Space Shuttle 
Endeavour. The crew will deploy 
the Geostar-1 radio determination 
satellite and recover ESA’s 
EURECA free-flyer. 

INTELSAT 6-F3 was launched by 
the second Commercial Titan III on 
March 14. After insertion into a low 
Earth orbit perigee and apogee motors 
were supposed to place the satellite in 
a geostationary orbit. However, due to 
a wiring error in the launch vehicle, the 
satellite remained attached to the Ti¬ 
tan second stage. In an extremely low 
orbit, the INTELSAT/Titan combina¬ 
tion would have reentered within two 
weeks. Ground controllers had no al¬ 
ternative but to separate the satellite 
from its perigee motor which was hold¬ 
ing it to the Titan. The spacecraft was 
then manoeuvred to a higher orbit of 
220 x 140 nautical miles using its ni¬ 
trogen tetroxide and hydrazine thrus¬ 
ters. 

NASA, INTELSAT and Hughes Air¬ 
craft (the satellite’s manufacturer) 
met soon after the incident and de¬ 
cided q retrieval or reboost of the sat¬ 
ellite was feasible. NASA Administra¬ 
tor Truly wrote to Dean Burch, 
INTELSAT Director General, on June 
8 formally offering a Shuttle mission to 
save the satellite. Truly said the 
agency needed an answer by June 15 
to allow sufficient time to plan the 
mission. 

On June 13, the INTELSAT board of 
governors, meeting in Bridgetown, 
Barbados, authorised Burch to sign an 
agreement with NASA for the satellite 
reboost. The board earmarked $150 
million for the rescue attempt. NASA 
will charge $90.1 million for the mis¬ 
sion and possibly a further $7 million 
for crew training. The new perigee 
motor will be obtained from Hughes at 
a cost of $43 million. 

However, before the final go-ahead 
for the mission is given, INTELSAT 
wants to assess the extent of any 
damage to the satellite's solar panels 
caused by atomic oxygen in the low 
Earth orbit. A sample of the INTELSAT 
6 solar panel will be flown on STS-41, 
the Shuttle mission to deploy the Ulys¬ 
ses solar orbiter. Mounted on the end 


The massive INTELSAT 6 towers above two Hughes technicians This particular satellite was suc¬ 
cessfully launched by an Ariane 4 earlier this year Arianespace 
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of the Shuttle’s Remote Manipulator 
System (RMS) arm, the sample will be 
positioned ayyay from the orbiter for 
about 20 hours. Following the mission, 
the sample will be examined and the 
extent of any atomic oxygen corrosion 
assessed. If the results bode well 
preparations for the rescue mission 
will proceed. INTELSAT will pay NASA 
$200,000 to fly the test sample. 

"We are very pleased to be able to 
assist INTELSAT and to have an oppor¬ 
tunity to once again demonstrate the 
versatility of the Space Shuttle,” said 
Space Shuttle Program Director Bob 
Crippen. ‘The rescue offers us the oppor¬ 
tunity for expanding our experience base 
in the planning, training and performance 
of extravehicular activity.” 

A NASA astronaut told Spaceflight the 
capture of INTELSAT 6 will closely re¬ 
semble the STS 51-1 mission to repair the 
Syncom IV-F3. The repair is expected to 
take place as follows: 

1. Endeavour will rendezvous with the 
satellite and station keep at a dis¬ 
tance of about 35 feet. The spin of the 
satellite will be reduced to a minimum. 

2. Two Mission Specialists, designated 
EV1 and EV2 will leave the orbiter. 
EV1 will stand on the Manipulator 
Foot Restraint (MFR). Attached to the 
end of the RMS arm, the MFR allows 
the astronaut to be moved around like 
a workman on a ‘cherry picker’. EV2 
will stand on a foot restraint located 
at the edge of the payload bay. 

3. Controlling the robot arm from the aft 
flight deck, the third mission special¬ 
ist will move EV1 out of the payload 
bay towards the stricken satellite. 
EV1 will reach out, steady the slowly 
spinning spacecraft and attach a 
capture bar to its side. 

4. The satellite, held by EV1, will then be 
moved down into the payload bay to¬ 
wards EV2, who will connect a han¬ 
dling bar on the opposite side to the 
capture bar. 

5. While EV2 holds the satellite steady, 
EV1 attaches a bar fitted with a 
grapple fixture. 

6. EV1 is returned to the cargo bay on the 
end of the RMS and dismounts the 
MFR which is then removed from the 




' if v \ 

f(0 )■) 




■">/]h \ I A ® 5 

1 M* V7 J.n PN 



INTELSAT 6, held<by EV1, is moved towards EV2, who attaches a handling bar to 
the satellite’s side. 


7. The RMS is attached to the grapple 
ba r on Intelsat 6. 

8. The satellite’s live pyrotechnic de¬ 
vices are safed in case they should 
operate by mistake. 

9. The RMS positions the satellite for 
mating with its perigee motor, which 
is supported by a cradle in the payload 
bay. EV1 and 2 make the necessary 
connections between INTELSAT 6 
and the motor. 

10. Their work complete, the astronauts 


remove the pyrotechnic safing pins 
and return to the crew compartment. 
The RMS is stowed. 

11. INTELSAT 6, with new perigee motor 
attached, is deployed. 

12. Endeavour manoeuvres away from 
satellite. Once a safe distance has 
been achieved the perigee motor 
fires, followed by the apogee motor, 
placing the satellite in its intended 
geostationary orbit 35,000 km above 
the equator. 


New Shuttle Computers to Fly Early Next Year 


The new upgraded General Purpose 
Computers (GPCs) could be flying 
aboard the Space Shuttle by early 
next year, according to NASA’s 
Johnson Space Center (JSC). 

The new GPCs have been installed 
in the fixed and motion based Shuttle 
simulators and the guidance and navi¬ 
gation simulator at JSC. Crew mem¬ 
bers will train on the upgraded GPCs 
for six months before flying with them 
on board. About ten astronauts have 
trained on the new GPCs since May. 


“There are no major differences 
between using the new and the old 
GPCs,” said Maurice Walter the Simu¬ 
lation Interface Device/GPC Support 
Monitor at JSC. 

The computers now in use on the 
Shuttle were designed using 1960s 
technology. The upgraded GPCs will 
provide 2.5 times the existing memory 
capacity and up to three times the 
existing processor speed without 
major changes to the current flight 
software. They are half the size and, 


at 64 pounds each, weigh half as much 
as the older models. They also require 
less power. 

“There will be much more memory 
capability on the new computers which 
will increase the crew’s resources in 
orbit,” said Walter. 

The new GPCs were built by IBM. 
The first flight ready units will be deliv¬ 
ered to the Kennedy Space Center in 
the Autumn. Five units are at Rock¬ 
well’s Palmdale facility awaiting instal¬ 
lation in Endeavour. 
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SATELLITE DIGEST-232 


Satellite Digest Is produced In two sections. Orbital Data is in the form of a table which lists each satellite’s name, inter¬ 
national designation, launch time and date, launch site, launch vehicle, perigee, apogee, period and inclination. Launch 
times are approximate, except when marked with an asterisk, when the time given is that issued by the launching agency. 
All times are GMT. Soviet launch vehicles have been named by the US DoD system of classification and when known by 
the Soviet name. Orbital data has been provided by the Royal Aerospace Establishment The first section, Satellite 
Data, contains notes on each satellite’s mission. 


PROGRESS 42 (1990-41 A): The last old- 
style Progress ferry. Delivered supplies 
and equipment to the resident Mir crew. 
Docked with the space station at 2245 on 
May 8. The spacecraft separated from Mir 
at 0709 and burnt up during reentry. 
COSMOS 2077 (1990-42A): A manoeuvr¬ 
able military reconnaissance satellite with 
recoverable capsules for return of film. 
MACSAT 1&2 (1990-43A&B): Multiple 
Access Communications Satellites. Ex¬ 
perimental DoD communications satel¬ 
lites. 

COSMOS 2078 (1990-44A): A manoeuvr¬ 
able military' reconnaissance satellite with 
recoverable capsules for return of film. 
COSMOS 2079-2081 (1990-44A to C): 
Three GLONASS navigation satellites 
launched simultaneously. 

ORBITAL DATA - 


SATELLITE DATA 


COSMOS 2082 (1990-46A): An Electronic 
Intelligence (ELINT) satellite. Manufactured 
by the Yuzhnoye bureau and similar in design 
to the Okean platform. Launched on the first 
Zenit booster since November 1988. 
RESURS-F6 (1990-47A): Conducted Earth 
resources photography and materials proc¬ 
essing. Carried Cosima-3 microgravity pay- 
load for InfoSpace GmbH. Spacecraft based 
on the Vostok capsule. 

KRISTALL (1990-48A): The second 20 
tonne Mir module previously known as Mod¬ 
ule T and the Technology Module. The mod¬ 
ule houses at least four ‘industrial process¬ 
ing units’. A ball-shaped docking adaptor is 


equipped with two androgynous docking 
ports and also houses Earth observation 
cameras. The module docked with Mir on 
June 10 at 1447 Moscow Time after an un¬ 
successful attempt on June 6. (For more 
details see Spaceflight, July 1990, p.222.) 


UPDATES 


ISKRA 1 (1981-65D): An amateur radio sat¬ 
ellite decayed on April 16. 

COSMOS 1949 (1988-45A): An EUNT sat¬ 
ellite decayed on April 23. 

PROGRESS M-3 (1990-20A): Undocked 
from Mir on April 27 and burnt up in the at¬ 
mosphere on April 23. 

COSMOS 1450 (1983-27A): Military satel¬ 
lite decayed on May 30. 


Name & International Launch Time Launch Launch Perigee Apogee Period Inclln. 

Designation and Date Site Vehicle (km) (km) (min.) (deg.) 


PROGRESS 42, 1990-41A 
COSMOS 2077, 1990-42A 
MACSAT 1, 1990-43A 
MACSAT 2, 1990-43B 
COSMOS 2078, 1990-44A 
COSMOS 2079, 1990-45A 
COSMOS 2080, 1990-45B 
COSMOS 2081, 1990-45C 
COSMOS 2083, 1990-46A 
RESURS-F6, 1990-47A 
KRISTALL, 1990-48A 


2044*, May 5 
1843, May 7 
1750*, May 9 

1005, May 15 
0838, May 19 


0531, May 22 
0726, May 29 
1033*, May 31 


Baikonur, 

USSR 

SL-4 

Soyuz 

Plesetsk, 

USSR 

SL-4 

Soyuz 

Vandenberg AFB, USA 

Scout/Altair 

Baikonur, 

USSR 

SL-4 

Soyuz 

Baikonur, 

USSR 

SL-12 

Proton 


Baikonur, 

USSR 

SL-16 Zenit 

Plesetsk, 

USSR 

SL-4 Soyuz 

Baikonur, 

USSR 

SL-13 Proton 


324 

398 

91.70 

51.63 

174 

374 

89.99 

62.84 

613 

769 

98.64 

89.89 

612 

706 

98.06 

89.66 

212 

276 

89.41 

69.99 

18,565 

19,131 

644.56 

64.88 

18,910 

19,127 

671.32 

64.87 

19,099 

19,160 

67.73 

64.89 

849 

855 

102.00 

71.00 

259 

272 

89.88 

82.34 

213 

355 

90.13 

51.62 


Soviets Launch Long-Awaited Observatory 


INTERNATIONAL SPACE REPORT 


The Soviet Union launched the Gamma 
observatory on July 11. The spacecraft 
had been due for launch in 1984 but has 
suffered numerous delays. 

The Gamma observatory blasted off 
from Baikonur at 14:00 Moscow time on 
July 11 atop a Soyuz launch vehicle. It was 
expected to be inserted into a 400 km or¬ 
bit with an inclination of 51 degrees. 

The observatory is based on the Soyuz/ 
Progress spacecraft. The 7,300kg, 7.7 
metre long, 2.7 metre wide spacecraft has 
two solar arrays with a span of nearly 12 
metres. Its main telescope Gamma-1, ac¬ 
counting for three quarters of the payload 
mass, is capable of detecting radiation 
sources in the 50 MeV-5 GeV range and 
determining their positions with great pre¬ 
cision. Other instruments are the Disk and 
Pulsar X-2 telescopes. 

"Compared to similar instruments used 
before, our Gamma telescope has more 
characteristics and better sensitivity to 
register space gamma-radiation and 
resolution power,” says Professor 
Galper, one of the project managers. 


The telescope is operating normally ac¬ 
cording to ground controllers. Gamma will 


begin observations on September 1, follow¬ 
ing in-orbit checkout and calibration. 
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INTERNATIONAL SPACE REPOR" 


Astronauts Removed From Missions 


NASA have revoked the flight status of 
two Space Shuttle commanders for 
violating safety rules. They are Robert 
‘Hoot’ Gibson and David Walker. Both 
were in training for upcoming Shuttle 
flights. 

Gibson, who was named for mission 
STS-46, has been removed from the flight 
and from T-38 jet trainer flight status for 
one year for violation of a policy which 
restricts high risk recreational activities 
for astronauts named to flight crews. 

Gibson was involved in an air crash in 
which one man died. The accident oc¬ 
curred on July 7 at an airshow at New 
Braunfels, 25 miles from San Antonio, 
Texas. Gibson, flying a single engine 
aircraft, collided with another plane dur¬ 
ing a race. The astronaut was able to land 
safely but the pilot of the other aircraft 
was killed when his plane crashed. 

“Our high risk activity policy defines 
plain and simple guidelines for astro¬ 
nauts assigned to flight crews,” said 
Donald Puddy, Director of Flight Crew 
Operations. “They are intended to pre¬ 
serve our crews as assigned and apply 
regardless of the time prior to launch.” 

The policy defines high risk recrea¬ 
tional activities as those which involve 
exposure to major or fatal injury. “The 
race was a clear violation of the policy,” 
he said. 

NASA has yet to announce the new 
commander for STS-46. Gibson is a vet¬ 
eran of three-Shuttle missions. He served 
as pilot on STS 41-B in February 1984 and 
as commander on STS 61-C in January 
1986 and STS-27 in December 1988. 

David Walker has been removed from 


PI 


& 



Robert ‘Hoot 1 Gibson. NASA 

STS-44 and suspended from T-38 flight 
status for 60 days for infraction of the 
Johnson Space Center’s aircraft operat¬ 
ing guidelines. His near-miss with a Pan 
American World Airways jetliner in May 
last year contributed to his suspension. 
Frederick Gregory replaces Walker as 
commander of STS-44, a classified DoD 
mission currently scheduled for March 
1991. 

Walker flew as pilot on STS 51-A in 
November 1984 and as commander of 
STS-30 in April last year. Gregory has 
also made two Shuttle missions. He was 
pilot for STS 51-B in April 1985 and com¬ 
mander of STS-33 i d November last year. 

Both Walker and Gibson will become 


Astronaut Hawley Moves to 
Ames Research Center 


Astronaut Steven A. Hawley has been 
named Associate Director (acting) of 
NASA’s Ames Research Center in 
Mountain View. 

“We are extremely pleased to have 
someone with Dr. Hawley’s administra¬ 
tive and scientific skills joining us at 
Ames,” said Dr Dale L. Compton, Ames 
Director. Hawley, 38, has served as dep¬ 
uty chief of the NASA Astronaut Office at 
Johnson Space Center in Houston since 
1987. At Ames, he will be the third-rank¬ 
ing executive behind Compton and Victor 
L Peterson, deputy center director, he 
will start work at Ames in late July. 

Hawley has been an astronaut since 
1978. He has flown on three space shuttle 
missions and has logged 412 hours in 
space. Hawley worked as a simulator pi¬ 
lot in the shuttle software laboratory and 
on astronaut support crews for shuttle 
missions STS-2, STS-3 and STS-4 be¬ 


fore making his first space flight. 

He first flew as a mission specialist on 
the maiden voyage of Discovery, STS 41- 
D, in August 1984. Discovery’s crew 
deployed three communications satel¬ 
lites and activated the OAST-1 solar cell 
wing experiment He made his second trip 
to orbit aboard Columbia on STS 61-C in 
January 1986, during which he partici¬ 
pated in the deployment of the Satcom K- 
1 satellite and conducted experiments in 
astrophysics and materials processing. 

During his most recent mission in April 
on Discovery he successfully delivered 
NASA’s Hubble Space Telescope into 
orbit using the shuttle's robot arm. 

Hawley’s home town is Salina, Kan¬ 
sas. He is an honours graduate of the 
University of Kansas and received his 
doctorate in astronomy and astrophysics 
from the University of California at Santa 
Cruz in 1977. In 1988 he was awarded the 
NASA Exceptional Service Medal. 



David Walker. NASA 

eligible again for Shuttle crew assign¬ 
ment following reinstatement to T-38 
flight status. 

“Dave and Hoot have each made sub¬ 
stantial contributions to the Shuttle and 
Space Station programmes and have 
performed in an outstanding manner on 
their respective Shuttle flights,” said 
Chief Astronaut Dan Brandenstein. 
“These action are unfortunate, but 
they’re in the best interests of us all. 
These policies are vitally important and 
are to be taken seriously.” 

The action against Gibson and Walker 
is the first time Shuttle commanders have 
been removed from missions for discipli¬ 
nary reasons. 




* 

► a 




Steve Hawley, veteran ot three Shuttle missions, 
leaves the Astronaut Office to become Associ¬ 
ate Director (acting) of the Ames Research 
Center. NASA 
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SHUTTLE UPDATE 


Shuttle Fleet Grounded 

Hydrogen Leak Found on Second Orbiter 


For the first time since the Challenger accident the US Space Shuttle fleet 
has been grounded. NASA officials took the decision to halt flights after 
a hydrogen leak was discovered on the orbiter Atlantis. A similar leak 
had postponed the planned launch of Columbia in May. To the relief of 
NASA, it now seems the two leaks are unconnected and not a major design 
problem. The space agency still hopes to fly one Shuttle before the 
October priority mission to deploy the Ulysses probe. The delays will 
cause further disruption to the Shuttle schedule. 


As reported in last month’s 
Spaceflight (p.220) the Space 
Shuttle Columbia was returned to the 
Vehicle Assembly Building (VAB) after 


a hydrogen leak was discovered six 
hours before its planned launch on 
May 30. Mission STS-35 was due to 
carry the Astro-1 ultraviolet and X-ray 


observatory on a nine to ten day mis¬ 
sion. However, during the countdown, 
sensors detected hydrogen in the area 
of the orbiter/external tank disconnect 
and the launch was scrubbed. 

The leak only occurs under cryo¬ 
genic conditions when the fast fill of the 
ET begins. Helium pressurisation 
tests failed to show a leak so NASA ran 
a cryogenic tanking test on June 6 with 
about 20 sensors placed around the 
disconnect area. 

“Unfortunately, we don’t like what 
we found," Launch Director Bob Sieck 
said shortly after the test. “In order to 
fix anything in this area we’re going to 
have to demate the orbiter from the 
tank.” 

On June 12 Columbia was returned 
to High Bay 3 Of the VAB after it was 
vacated by a partially completed Solid 
Rocket Booster (SRB) stack which 
was rolled out for temporary storage 
at launch pad 39B. 

After Atlantis was rolled out to pad 
39A on June 18, Shuttle managers 
decided to conduct a liquid hydrogen 
tanking test to verify there was no leak 
present on that orbiter. Atlantis was 
scheduled to fly, STS-38, a classified 
Department of Defense mission in 
mid-July. 

To the space agency’s dismay, 
sensors mounted around Atlantis’ aft 
compartment detected a hydrogen 
leak in the disconnect area. Like the 
earlier leak, hydrogen was first de¬ 
tected when the tanking transitioned 
to the fast fill mode. However, the 
amount of hydrogen was not as high as 
the Columbia leak. 

NASA officials had no choice but to 
suspend Shuttle flights while they 
mounted an extensive investigation 
into the problem. Leonard Nicholson, 
Space Shuttle Deputy Director, leads 
the joint NASA/industry team charged 
with analysing the cause of the link and 
determining corrective actions. 

Orblter/ET Disconnect 

The disconnect assembly consists 
of an umbilical plate on the ET and 
orbiter side. Three hydrogen lines 
pass through the umbilical plate: the 
17-inch iiquid hydrogen disconnect, 
the four-inch hydrogen recirculation 
disconnect and a two-inch gaseous 
hydrogen disconnect. The plate also 
carries electrical umbilical. For fuel¬ 
ling liquid hydrogen is pumped 
through orbiter’s propulsion system 
into the External Tank (ET) via the 
disconnect umbilical. During launch 
propellant is transferred back through 
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the umbilical to the main engines. At 
ET separation, flapper valves on both 
the ET and orbiter side of the 17-inch 
disconnect close to prevent propellant 
spilling overboard. On the orbiter side 
the disconnect plate is retracted allow¬ 
ing the umbilical doors to close. 

Columbia Disconnects Tested 

Following Columbia’s rollback to the 
VAB, the orbiter was demated and 
moved to Bay 2 of the Orbiter Process¬ 
ing Facility (OPF). A visual inspection 
showed nothing out of the ordinary in 
the disconnect area that could have 
caused the leak. The ET side of the 
disconnect was removed and tested 
using liquid hydrogen at Rockwell In¬ 
ternational’s Downey plant. No leaks 
were detected. 

The orbiter side of the disconnect 
was removed from Columbia and 
shipped to Rockwell on June 30. When 
the orbiter and ET' umbilical were re¬ 
assembled and tested, the leak re- 
emerged. Suspicion fell on the orbiter 
side of the disconnect as the ET side 
had earlier performed without inci¬ 
dent. 

Meanwhile, the liquid hydrogen dis¬ 
connect from the partially completed 
Endeavour was removed and shipped 
to the Kennedy Space Center for in¬ 
stallation in Columbia. A new discon¬ 
nect plate was also fitted on the STS- 
35 ET. 

Further tests at Downey are now 
thought to have located the source of 
the hydrogen leak. Engineers believe 
the leak is in seals around a shaft that 
operates the 17-inch disconnect flap¬ 
per valves. If additional testing con¬ 
firms these early findings, Columbia, 
fitted with its new disconnect, should 
be ready to fly. 

Second Test For Atlantis 

As this issue of Spaceflight goes to 
press, the Atlantis leak appears to be 
unconnected with the Columbia prob¬ 
lem. A second tanking test was con¬ 
ducted at pad 39A on July 13 with 
additional hydrogen sensors in place. 
Once again the leak was detected as 
the tanking operation entered the fast 
fill mode. The leak was pinpointed to a 
metal flange that connects the two 
sides of the disconnect. There were no 
clear indications of escaping hydro¬ 
gen from the seal that is believed to be 
the source of the Columbia leak. 

It may be possible to fix the leak by 
simply tightening the bolts on the 
flange. If this is the case Atlantis will 
be ready to fly as soon as the remain¬ 
ing pre-launch preparations are com¬ 
pleted. If not, Atlantis will face a roll¬ 
back to the VAB for demating. 

One Flight Before Ulysses? 

NASA’s William Lenior, Associate 
Administrator for Space Flight, be¬ 
lieves it will be possible to fly one mis¬ 



Kennedy Space Center. Mobile Launcher Platform 2, carrying a partial stack of the STS-41 solid rocket 
boosters, was transferred to Launch Pad 39B on June 11. Stacking operations were underway in the 
Vehicle Assembly Building at the time a leak was discovered in the STS-35 vehicle, at neighbouring 
Pad 39A, left. Repairs required that Columbia be rolled back to the Vehicle Assembly Building In order 
to make room in the VAB for STS-35, the booster stack had to be temporarily transferred to Pad 39B. 
These boosters were originally assigned to the STS-40 mission. NASA 


sion before the STS-41 flight to deploy 
the Ulysses probe. 

According to NASA spokesman Ed 
Campion, the agency would prefer to 
launch Atlantis in the period before 
STS-41. This would allow Atlantis to 
launch the Gamma Ray Observatory 
(GRO) before the end of the year. 
Columbia, carrying Astro-1, would 


probably fly November and Atlantis 
would launch GRO in December. 

However, if Columbia makes the 
flight before Ulysses, STS-38 would 
probably be launched in November, 
followed by Columbia with the Space- 
lab Life Sciences mission (STS-40) in 
December. The GRO launch would be 
delayed until next year. 


Shuttle Crews Named 


Astronaut crew assignments have been 
made for three space shuttle missions 
scheduled for early to mid-1991, bring¬ 
ing to 12 the total number of shuttle 
crews currently in training. 

The crew members were assigned to 
STS-44, a dedicated Department of De¬ 
fense flight aboard Atlantis targeted for 
March; STS-45, a mission to study atmos¬ 
pheric phenomena form the Atlas-1 labora¬ 
tory aboard Columbia in April; and STS-43, 
a May mission to deploy another Tracking 
and Data Relay Satellite (TDRS) from Dis¬ 
covery. 

Frederick Gregory will command the five- 
member STS-44 crew. Terence T. ’Tom” 
Henricks will serve as pilot. Mission spe¬ 
cialists for the fight will be Dr F. Story 
Musgrave, Mario Runco Jr., and James S. 
Voss. 

Walker, 46 will make his third shuttle 
flight and his second as commander. He 
flew as pilot on STS-51A and was com¬ 
mander for STS-30. Musgrave, 54, has 
flown three times, on STS-6, STS-51F and 
STS-33. Henricks, 37, Voss, 41 and Runco, 
38, will make their first space flights. 

Charles F. Bolden Jr. will command the 
seven-member crew of Columbia on STS- 
45, Brian Duffy will serve as pilot Mission 
specialists on the nine to ten day flight are 


payload commander Dr. Kathryn D. Sulli¬ 
van, Dr. C. Michael Foale and David C. 
Leestma. Payload specialists for the mis¬ 
sion are Dr. Michael L. Lampton and Dr. 
Byron K. Lichtenburg. Sullivan, Foale, 
Lampton and Lichtenburg had been previ¬ 
ously assigned to the flight. 

Bolden, 43 receives his first command 
after flying as pilot of STS-61C and STS-31. 
Leestma, 41, will make his third flight, hav¬ 
ing flown as mission specialist on STS-41 G 
and on STS-28. Lichtenburg, 42, will make 
his second space flight He was payload 
specialist on STS-9 (Spacelab-1). Duffy, 
36, Foale, 33 and Lampton, 49, will make 
their first space flights. 

John E. Blaha will command the five-day 
STS-43 TDRS-E mission. Serving as pilot 
aboard Discovery will be Michael A. Baker. 
Mission specialists will be Dr. Shannon W. 
Lucid, G. David Low, and James C. Adam¬ 
son. 

Blaha, 47, has flown twice previously as 
pilot on STS-29 and STS-33. Lucid, 47, will 
make her third flight, having flown as mis¬ 
sion specialist on STS-51G and STS-34. 
Low, 34, making his second shuttle flight, 
served as mission specialist on STS-32. 
Adamson, 44, has flown previously as mis¬ 
sion specialist on STS-28. Baker, 36, will 
make his first space flight. 
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INTELSAT: 25 Years of Space Cooperation 


By Dean Burch 

Director General, INTELSAT 


The INTELSAT VI, the world's largest commercial communications satellite and, pictured in insert, 
INTELSAT 1 (Early Bird), the world’s first commercial communications satellite launched 25 years ago. 

INTELSAT 

“A true broadcast service... over the whole globe would be Invaluable, not 
to say Indispensable, In a world society.” This statement made 45 years 
ago by Arthur C. Clarke, the past Chairman of the British Interplanetary 
Society who theorized that three satellites in geostationary orbit could 
provide global communication coverage, has a new meaning in the context 
of the history-making news events of the preceding year. Global audiences 
numbering in the billions are routinely united by common pictures of meet¬ 
ings between world leaders, political change, programmes on issues of 
global concern, cultural, and entertainment activities. No deed of global 
import - good or bad - goes unreported, or escapes the eye of the television 
camera. The nucleus of a world society is In the process of formation as a 
result of the existence of a pervasive global communications system that 
functions continuously without regard to time zone, distance, or geo¬ 
graphic boundary. 

This system is owned and oper- ciples of commercial operation'with 

ated by the International Telecom- those of international cooperation, 

munications Satellite Organization, This concept produced a structure 

INTELSAT, an endeavour that many that has been successful in managing 

consider to be one of the most sue- a high technology enterprise in outer 

cessful example*- of international space and providing high quality, reli- 

cooperation ever devised. INTELSAT able, economic telecommunications 

was established more than 25 years to the world’s users, 

ago using a unique organizational Another important part of this 

concept designed to balance prin- unique organizational concept was 


endowing INTELSAT with a tangible 
mission, the establishment of a global 
commercial communications satellite 
system that provides expanded tele¬ 
communications to all areas of the 
world and that contributes to world 
peace and understanding. It is this 
mission to which all of INTELSAT’S 
members and users have made a 
strong commitment, and which unites 
their participation in the organization. 

The pioneers in law and technology 
who shaped the early INTELSAT or¬ 
ganization knew that establishment of 
a global satellite system was a task 
requiring support from both govern¬ 
ments and telecommunications enti¬ 
ties. Therefore, the decision was 
made to involve both governments 
and telecommunications entities in 
the development and operation of the 
organization. This decision was imple¬ 
mented by creating two separate but 
interrelated agreements; one among 
governments, setting forth general 
principles; and one among govern¬ 
ments or their designated telecom¬ 
munications entities, setting forth 
more detailed technical, operational, 
and financial guidelines. With this 
approach, responsibilities were di¬ 
vided and different, yet complemen¬ 
tary. This two-pronged arrangement 
helped to reinforce each member’s 
commitment to the organization and to 
create support for a strong, viable 
international venture. 

The United Kingdom, through the 
British Government and British Tele¬ 
communications, was one of the 
eleven founding members of the or¬ 
ganization and is a major participant 
in INTELSAT’S management and op¬ 
eration. The United Kingdom is also 
the second largest user of the system 
with an investment share of 12.29 
percent. The United States is the larg¬ 
est user with an investment share of 
23.89 percent followed by the United 
Kingdom, Japan (4.9 percent), France 
(4.4 percent), and the Federal Repub¬ 
lic of Germany (3.4 percent). 

Membership in INTELSAT has 
grown from the initial eleven to include 
119 nations. Almost 180 countries, 
territories, and dependencies around 
the world use the INTELSAT system 
for a variety of voice, video, and data 
communications. No distinction is 
made in terms of service between 
members and non-members. Any 
country which uses the INTELSAT 
system, whether or not a member, has 
access to the same services at the 
same costs. This principle of universal 
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service has served the organization 
well and contributed to its success as 
a global communications resource. 

One of INTELSAT’S earliest accom¬ 
plishments was deployment of Early 
Bird, the world’s first commercial 
communications satellite. Early Bird 
proved that commercial communica¬ 
tions satellite service from geostation¬ 
ary orbit was feasible and that dra¬ 
matic new services were possible; The 
UK earth station at Goonhilly Downs 
was one of the first five INTELSAT 
earth stations operating with Early 
Bird to provide telephone, telex, and 
the world’s first live television in the 
North Atlantic. 

Just four years after Early Bird, IN¬ 
TELSAT had a global satellite system 
in place with spacecraft operational in 
the Atlantic, Pacific, and Indian Ocean 
Regions. INTELSAT accomplished 
this objective just in time for a global 
television audience of 500 million 
people to watch mankind’s first steps 
on the Moon, live as they happened. 

Today the INTELSAT system has 
expanded to fourteen in-orbit space¬ 
craft, including the world’s largest 
commercial communications satel¬ 
lite, INTELSAT VI, which began full¬ 
time service in the Atlantic Ocean 
Region in April of this year. The extent 
and typo of traffic carried on the IN¬ 
TELSAT system has grown to keep 
pace with the world’s burgeoning 
demand for global communications. In 
1965, Early Bird carried 150 full-time 
channels for telephone and telex. 



Twenty-five years later, the IN¬ 
TELSAT system carries almost 
120,000 full-time channels and over 
100 full-time leases for television, do¬ 
mestic and specialized business ap¬ 
plications, submarine fibre optic and 
analog cable restoration, capacity for 
the International Maritime Satellite 
Organization (INMARSAT), and ca¬ 
pacity for United Nations peacekeep¬ 
ing operations. Almost 40 nations, 
developed and developing, utilize the 
INTELSAT system for domestic com¬ 
munication services. 

During the past quarter of a century, 
INTELSAT has made it easier and less 
costly for anyone to communicate with 
virtually any point on the globe, whether 
the requirement is for high speed digital 
telephony, low speed data transmission 
to remote areas, or broadcast of a major 
sporting event, such as Wimbledon or 


World Cup Football, to avid global audi¬ 
ences. This goal has been achieved by an 
expanding group of nations with diverse 
political, economic, cultural and social 
interests who have joined together to 
forge a communications system respon¬ 
sive to all of their requirements. These 
nations have worked together success¬ 
fully to manage and implement technical 
innovation and application. 

Each generation of INTELSAT space¬ 
craft has incorporated improvements 
over the preceding series and enhanced 
the quality of communications provided 
by INTELSAT. These improvements 
have included increases in satellite 
power, the ability to provide more focused 
antenna coverage of the Earth and imple¬ 
mentation of more efficient transmission 
techniques. For example, INTELSAT VI, 
the newest generation of spacecraft 
which INTELSAT is now launching, will 
introduce the first commercial use of a 
new transmission technique called satel¬ 
lite-switched time division multiple ac¬ 
cess (SS/TDMA). This technique will 
enhance connectivity, flexibility, and 
operational efficiency by enabling a user 
to communicate with a greater number of 
other users via one Earth station through 
the switching performed on the space¬ 
craft. 

Planning for the future is well under¬ 
way with the INTELSAT VII series of 
satellites, the first of which is antici¬ 
pated for launch in mid-1992 in the 
Pacific Ocean Region. INTELSAT VII 
will incorporate features for efficient 
operation with smaller Earth stations, 
8-10 meters in diameter, and greater 
flexibility to respond to changes in 
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traffic patterns. 

As INTELSAT satellites have become 
more powerful, the Earth station network 
has become more flexible in terms of size, 
cost, and location of antennas. A user has 
the option to access the INTELSAT net¬ 
work via large standard gateway Earth 
stations or smaller antennas on or close 
to the user’s premises. Much of the on- 
the-spot television reporting is accom¬ 
plished with small, fly-away transport¬ 
able antennas that can be set up virtually 
anywhere for program transmission. 

The environment in which INTELSAT 
operates today is far different from the 
one in which it was created in August 
1964. INTELSAT itself has helped bring 
about many of these changes. Demand 
for global communication services is in¬ 
creasing, the type of service required is 
changing, new providers in the form of 
private companies are entering the mar¬ 
ket. INTELSAT’s role in this changing 
environment remains clear; seek new 
and better ways to continue to fulfil its 
mission. The ability to communicate in¬ 
stantaneously has indeed become indis¬ 
pensable for today’s world. INTELSAT’s 
119 members remain firm in their belief 
that INTELSAT is a strong, flexible or¬ 
ganization adaptable to change and that 
this organization should continue to pro¬ 
vide an efficient, reliable and growing 
communications satellite system in the 
future. 
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D. Newkirk, Gulf Publishing Company, Kogan Page Ltd., 120 Pen- 
tonville Road, London, N1 9JN, 1990, 391 pp, Cl 8.95. 


This is an up-to-date account of every Soviet manned and man-re¬ 
lated launch, including unmanned development missions, from the 
early SS-2 boosters, Sputniks, and the Vostok missions of the 1950s 
and ’60s to their still mystery-shrouded lunar landing programme 
and current preparations for interplanetary expeditions in the next 
decade. 

The demand for more reliable, complete and timely information 
about the Soviet Space Programme continues unabated, for an 
understanding of the evolution of the Soviet Space Industry is vital 
to anticipating its future development. 

The present work is a compilation of information from dozens of 
books and other sources, including both Spaceflight and JBI3 - to 
which handsome acknowledgement is paid as consistent sources 
of reliable information over a long period. 

The result is a succinct yet informative and easy-to-read text 
which is fully referenced and embraces a comprehensive coverage 
of Soviet manned activities from its inception to the present time. 


At the Edge of the Universe 

A. Wright & H. Wright, John Wiley & Sons Ltd., Baffins Lane, Chich¬ 
ester, West Sussex, P019 1UD, 1989, 230pp, £26.95. 

Our view of the Universe has changed dramatically over the centu¬ 
ries. As the search for yet more distant objects in the observable 
Universe continues, new results continually update our understand¬ 
ing of its structure and evolution. 

This book discusses modern searches for very high redshift ob¬ 
jects and the structure of the Universe at the greatest distances 
known to us. It begins with an historic introduction and continues with 
an overview of the size and contents of the Universe as revealed at 
the present day. It includes a discussion of radio and optical tele¬ 
scopes, photographic plates, electronic devices and the nature of 
light and similar radiation. Methods used to determine distances, 
both near and far, and their limitations, are also reviewed. 

Evidence is presented for and against the two most crucial cur¬ 
rent concepts in cosmology, the big bang and continuous creation 
models. Final sections examine the expansion of space, curved 
space and the many problems posed by quasars. 

A final chapter evaluates the importance of the cosmic microwave 
background, a phenomenon which appears to confirm that the Uni¬ 
verse began in a massive big bang some twenty thousand million 
years ago. 

End in Fire: The Supernova in the Large 
Magellanic Cloud 

P. Murdin, Cambridge University Press, The Edinburgh Building, 
Shaftesbury Road, Cambridge, CB2 2RU, 1990, 251 pp, £19.50. 


Measurement Techniques for In-Orbit 
Testing of Satellites 

A. F. Standing, W. H. Freeman & Co Ltd., 20 Beaumont Street, Ox¬ 
ford, OX1 2NQ, 1990, 249pp, £42.95. 

Since the launch of the first Early Bird communications satellite in 
1965, engineers Have striven to perfect the ability to test and moni¬ 
tor satellites -in geostationary orbit. The primary concern of this book 
is, therefore, with measurement techniques, the necessary equip¬ 
ment and the accuracies achievable for such purposes. 

In-orbit testing of the increasingly complex satellites now in exis¬ 
tence would be impracticable if it were not for the parallel develop¬ 
ment of sophisticated computers and computer-controlled test 
equipment. Each improvement in measuring equipment has re¬ 
duced the need for manual operation, a chore which once restricted 
the work of each test team mainly to such primary functions as sched¬ 
uling of measurements, data correlation indexing and pre-launch 
data validation. 

In-orbit tests of newly-launched satellites nowadays must deter¬ 
mine the post-launch conditions and detect any damage that may 
have occurred to sub-systems. This volume presents a comprehen¬ 
sive review of techniques and procedures, mainly those developed 
by COMSAT and INTELSAT, for in-orbit satellite testing. It is divided 
into three main parts, viz: In-orbit testing, In-orbit monitoring and In- 
orbit test considerations. It constitutes a valuable reference work 
for engineers engaged in such work. 

Spaceborne Weather Radar 

R. Meneghini and T. Kozu, Artech House, 28 Eaton Row, London, 
SW1W OJA., 1990, 199pp, £25. 

Radar was recognised as an ideal sensor for global cloud and rain¬ 
fall monitoring as early as the 1950s but it is only in recent years that 
the technology has advanced sufficiently to allow some of this po¬ 
tential to be realised. Increased interest arises, undoubtedly, as part 
of a greater awareness of the importance of protecting the environ¬ 
ment and the broader international programmes now underway to 
study global climate as a result. Rainfall (precipitation), for example, 
is one of the major parameters needed if we are not only to under¬ 
stand the weather cycle itself but also to apply the results directly to 
such things as agriculture and water resource management. 

Radar meteorology, itself, can be considered either as a special 
case of radar or as a particular discipline within meteorology. How¬ 
ever, as this book emphasises, a third aspect lies in the develop¬ 
ment of sensor technology and the ability to use this from space. The 
result enables the Earth to be monitored on a global scale. 


This book describes the spectacular demise of a star in a galaxy 
close to our own which became visible as a supernova in 1987. Even 
though 170,000 light years away, this was the first supernova to be 
visible to the naked eye since 1604 AD and the closest of such events 
to be studied by modern astronomical equipment The volume tells 
how the supernova was discovered, how every endeavour was 
made to extract as much information as possible from its death- 
throes and how the data returned has been interpreted, the last 
presenting some difficulty for, in a few moments, an energy of 10 40 
was liberated, revealing a power which, momentarily, rivalled that 
of all the stars in the Universe. 

Radiation ranged from light to infrared, released over a time-scale 
of months, to neutrinos - the least massive and least interactive of 
fundamental particles - captured as a few short bursts from the im¬ 
mense quantities released. 

The Illustrated Encyclopedia of Space Technology 

K. Gatland, Salamandar Books Ltd., 129-137 york Way, London, N7 
9LG, 1990, 303pp, £16.95. 

This is a comprehensive single-volume of the history of the space 
age compiled by a team of leading authorities, practically all of whom 
are well-known Spaceflight contributors. 

Seventeen chapters cover all aspects of space technology from 
the early pioneers, the development of the rocket, launch centres, 
manned spaceflight, satellite missions and projections of future 
developments. 

Also included is a 46 page illustrated chronology. 

Imaging X-ray Astronomy 

M. Elvis, Cambridge University Press, The Edinburgh Building, 
Shaftesbury Road, Cambridge, CB2 2RU, 1990, £30. 

The launch of the High Energy Astrophysical Observatory (HEAO- 
2) on November 13th 1978, marked one of the great revolutionary 
advances in our knowledge of astrophysics this century. The greater 
sensitivity of HEAO-2, compared with earlier satellites, as well as 
its ability to make high spatial spectral resolution observations, 
transformed x-ray astronomy. 

This book discusses contributions made by HEAO-2 to many 
areas of modern astrophysics and the diversity of work still going 
on based on data returned during its operational life of 2V4 years. 
The text includes a guide to each of the main databases which now 
coming on-line as a result of this work and which will increase the 
availability of the information, as well as preserving it as a valuable 
future archive. 
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1990 European Space Directory 

Sevig Press, 5 rue Alexandra Cabanel, F-75015 Paris, France, 
1990, 552pp, 750 French- Francs. 

It is not easy to keep track of the space sector in Europe. Changes 
are continuous, due to the complexity and diversity of its infrastruc¬ 
ture, so finding who does what can be a time-consuming operation. 

The latest version of this book plugs the gap by providing nearly 
400 in-depth profiles of European and Canadian space companies 
and institutions, besides listing 2000 names and positions held by 
key personnel in the European and Canadian space industries. 

Also included is a chronology of recent major space events, a 
country-by-country overview of both national and international 
space programmes, details of space budgets and much other back¬ 
ground information. 

Molecular Collisions in the Interstellar Medium 

D.Flower, Cambridge University Press, The Edinburgh Building, 
Shaftesbury Road, Cambridge, CB2 2RU. 1990, 133pp, £32.50. 

The development of receivers in the millimetric part of the spectrum 
has led to an enormous expansion in knowledge of the molecular 
component of interstellar gas. Radio astronomy techniques have en¬ 
abled pure rotational transitions to be detected in emission, thus 
leading to the discovery of many additional molecules, their isotopes 
and isomers, some of a complexity which still defies understanding. 
The presence of shocks in the interstellar medium has long been 
suspected on dynamical grounds but only recently have their effects 
on the chemistry come to be appreciated. 

This book introduces the theory to explain the atomic and molecu¬ 
lar collision processes which occur in the interstellar medium. It 
deals primarily with processes occurring in interstellar molecular 
clouds, where the electron density is low and collisions with the 
abundant neutral species, H, H 2 and He, predominate. As the ener¬ 
gies involved are small, the theory is necessarily based on the quan¬ 
tum mechanical method, though simpler, classical models are used 
to interpret results wherever possible. Some familiarity with the the¬ 
ory of angular momentum is required if the reader is to follow the 
quantum mechanical derivations in the text. 


The Communications Satellite 

M. Williamson, Adam Hilger, IOP Publishing Ltd., Techno House, 
Reddiffe Way, Bristol, BS1 6NX, 1990, 420pp, £35. 

This book concentrates on the technology of the communications 
satellite, covering both the hardware and design philosophies com¬ 
mon to all such satellite systems. 

The first part describes each of the major satellite sub-systems, 
but without complex mathematical formulations. The constant 
theme adopted throughout is the interdependence of all sub-sys¬ 
tems, a matter of key importance in their design. Also included are 
chapters on the satellite communications payload and the Earth 
stations at the other end of the link, together with other such aspects 
as launch vehicles and insurance cover. 

The second part provides a detailed description of a direct broad¬ 
casting satellite (DBS) system, now one of the most widely-used ap¬ 
plications. 

Chambers Air and Space Dictionary 

P. M. B. Walker, W & R Chambers Ltd., 43-45 Annandale Street, Edinburgh, 
EH7 4AZ, 1990,216pp, £17.50 (Hardback), £8.95 (Paperback). 

This dictionary contains over 6000 definitions of major terms and concepts 
in aeronautics and astronautics, together with 50 large definition panels for 
more significant or difficult topics, based on text developed from the data¬ 
base of the well known Chambers Science and Technology Dictionary. 

The two do not always sit easily together: thus IATA appears but the IAF 
not: ESA merits 16 lines and NASA just three. 

The Blue Planet: A Trip to Space 

R Neri, Vantage Press Inc., 516 West 34 Street, New York, NY 
10001, USA. 1989, 88pp, $10.95. 

The author, who became the first Mexican astronaut to venture into 
space when he flew as a payload specialist aboard the Space Shuttle 
Atlantis in 1985, here recounts some of his experiences during the 
flight. 


JBIS 


journal of the 

british interplanetary society 


The July 1990 issue of the Journal of the British Interplane¬ 
tary Society is now available and contains the following 
papers: 

INTELSAT 
25TH ANNIVERSARY 

Historical Overview of the INTELSAT System 

INTELSAT Services Past, Present and Future 

Meeting Requirements at Home: 

INTELSAT"s Domestic Service Offerings 

The INTELSAT Digital Communication Systems 
The INTELSAT R & D Program 

INTELSAT VII - Another Step in the Development of 
Global Communications 

Operational Management of the INTELSAT System 
INTELSAT Programs for Asistance 


Copies of JBIS, priced at £12.00 (US$24.00) to non-members, 
£4.00 (US$8.00) to members, post included, can be obtained 
from the address below. Back issues are also available. 

The British Interplanetary Society 
27/29 South Lambeth Road 
London SW8 1SZ, England. 


THE BRITISH INTERPLANETARY SOCIETY 


T-Shirts 

White T-shirt with blue 
Society logo. 

30/32, 34/36, 38/40, 42/44, 
46/48, 48/50. 

£6.50 (US $12) 


-try 




Sports Shirts 

Stylish, short-sleeved shirt 
with collar, light blurt with 
navy Society logo. 

Small, Medium, Large, 
X/Large. 

£14.00 (US $26) 


UK Postage: orders up to £15 add £1.00 (US$2) 
over £15 add £1.50 (US$3) 

Overseas: orders up to £15 add £1.50 (US$3) 

over £15 add £2.00 (US$4) 

Cheques, international money orders, postal orders, etc. 
should be made payable to The British Interplanetary Society. 

Send to: The British Interplanetary Society 
27/29 South Lambeth Road, London SW8 1SZ, UK 
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mjSPACE TELE 

T $1.5 Billion Spacecraft Out 


The Hubble Space Telescope can¬ 
not be focused properly because 
one of Its two mirrors are the wrong 
shape, NASA has announced. The 
news was received with shock and 
dismay from astronomers around 
the world who were expecting to see 
exciting discoveries from Hubble. 
The telescope will have to operate 
at limited capability until instru¬ 
ments with new lenses to correct 
the problem can be Installed aboard 
the telescope In three years time. 
NASA has launched an Investiga¬ 
tion to determine why the $2 billion 
telescope was launched with the 
wrong shape mirrors. Hubble was 
launched from the Kennedy Space 
Center on April 24 and deployed 
from the Shuttle Discovery the fol¬ 
lowing day. 

Since the Hubble Space Telescope 
returned its first image on May 20 
ground controllers have been trying to 
focus it. However, as they gradually 
brought images towards a focus they 
found the telescope began to lose 
focus without ever forming a sharp 
image. 

“We got a very clear and distinct 
characteristic - a textbook character¬ 
istic - that the system has a serious 
amount of spherical aberration,” said 
Jean Olivier, deputy project manager 
at NASA’s Goddard Space Flight 
Center. 

The Hubble Space Telescope opti¬ 
cal system is of the Cassegrain de¬ 
sign, known as a Ritchey-Chretien. 
This ‘folded’ design enables a long 
focal length of 57.6 metres to be pack¬ 
aged into a small telescope of 6.4 
metres. Light enters the telescope, is 
reflected off the 2.4 metre primary 
mirror and then up to the smaller 30 
centimetre secondary mirror mounted 
half-way up the telescope. From 
there, the light is reflected back 
through a 60 centimetre hole in the 
primary mirror and brought to a focus. 
The two mirrors have a shape with a 
slightly deeper curvature than a para¬ 
bolic mirror and are known as hyper- 
boloidal mirrors. 

With a mirror that suffers spherical 
aberration, light rays do not converge 
at a single point, but converge to a 
series of points, depending on how far 
from the centre of the mirror the light 
strikes. The result ia a blurred image. 

Specifications called for the tele¬ 
scope to focus 70 percent of a star’s 


light into a certain area. With the aber¬ 
ration, only 20 to 30 percent of the 
energy falls in the specified area. 

The error responsible for Hubble’s 
blurred pictures is minute. Engineers 
estimate the mirror is either too high 
or too low by 4 microns, about 4 per¬ 
cent of a human hair. 

Unfortunately, the two mirrdrs are 
some of the few components that 
cannot be replaced in orbit. 

“The mirrors will never be cor¬ 
rectable,” said project scientist Ed 
Weiler. 

How Could It Have Happened? 

NASA has launched an investiga¬ 
tion into the cause of the mirror prob¬ 
lem and all relevant documents have 
been impounded. Dr Lew Allen, Direc¬ 
tor of the Jet Propulsion Laboratory, 
will chair a special three-month review 
panel to investigate the problem. In 
addition, Albert Gore, chairman of the 
Senate subcommittee on science, 
technology and space has held his own 
hearings in Congress. 

Attention has turned to the manu¬ 
facturing and testing of the Hubble 
optical system, by the Perkin-Elmer 
Corporation now known as Hughes 
Danbury Optical Systems. The devel¬ 
opment and construction of the mir¬ 
rors was a tremendous engineering 
challenge. 

The primary mirror had to be very 
smooth because any surface ripples 
or bumps degrade the image in the 
focal plane. The mirror had to be as 
large as possible to form a sharp im¬ 
age. The size of the mirror was ulti¬ 
mately dictated by the dimensions of 
the Space Shuttle payload bay. 

Besides being large and extremely 
smooth, the mirror had to be light¬ 
weight. The weight-to-orbit capability 
of the Space Shuttle is limited, so 
every pound is critical. The 200-inch 
mirror at Mount Palomar weighs 14.5 
tons - the 94.5-inch Hubble Space 
Telescope primary mirror had to weigh 
less than one ton. Engineers elimi¬ 
nated about 75 percent of the glass 
that would have been required in a 
solid mirror of this size by designing 
the Hubble mirror as a honeycomb 
structure. If it had been manufactured 
as a solid the Hubble mirror would have 
weighed about three tons. 

The Hubble mirror also had to be 
thermally stable, invulnerable to ex¬ 
pansion and contraction as the tele- 



The Hubble Space Telescope's 2 4 metre primary mir 


scope repeatedly passes from day- 
side heat to the frigid oroital night and 
back to sunlight. 

The mirror was shaped by a special 
computer-controlled machine de¬ 
signed to grind and polish the glass. 
Final polishing was done by hand. 

Another requirement complicated 
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COPE SHOCK 

Focus Due to Faulty Mirror 



examined by technicians NASA/Perkin-Elmer Corp 


the fabrication. The scientific commu¬ 
nity wanted a versatile large space 
telescope that operated not only with 
visible light but also with ultraviolet 
Because each portion of the spectrum 
demands a different mirror coating, 
the design of the Hubble Space Tele¬ 
scope required engineering trade-offs 


and compromises. For example, alu¬ 
minum is the best coating for visible 
light astronomy, reflecting up to 99.5 
percent of the light, but it alone reflects 
almost no ultraviolet radiation. 

The solution was an aluminum layer 
with a magnesium fluoride overcoat¬ 
ing to protect the mirror surface and 


optimize performance in the ultravio¬ 
let range. The coating of magnesium 
fluoride, one millionth of an inch thick, 
protects the aluminum against oxida¬ 
tion and increases ultraviolet reflectiv¬ 
ity to about 75 percent but it decreases 
visible reflectivity to 85 percent. 

The coating process was particu¬ 
larly demanding because both coat¬ 
ings had to be extremely uniform for 
proper reflection and had to be applied 
in a high vacuum within a matter of 
seconds to avoid oxidization. Further¬ 
more, the thinness of the magnesium 
fluoride overcoat had to be precisely 
controlled to achieve the desired ultra¬ 
violet reflectivity. A special chamber 
and equipment were prepared for the 
extremely delicate coating process 
and technicians rehearsed the ten 
second procedure for a year. 

The secondary mirror was made 
from Zerodur glass. Like the primary 
mirror, it was coated with aluminum 
and magnesium fluoride. The secon¬ 
dary mirror’s surface accuracy was 
expected to be even greater than the 
primary mirror. 

It took over four million man hours 
of work to make the primary mirror. It 
took seven years to build the entire 
optical telescope assembly. But the 
near perfect mirrors are not perform¬ 
ing the job they were designed for. 

“What we suspect is that in the tech¬ 
niques used to measure the figure of 
the mirror and polish it and hold it 
steady... somewhere in this chain 
there was an error that resulted in the 
mirror being very precisely made but 
ultimately to the wrong figure,” said 
Jean Olivier. 

“ The mirrors were tested individually 
but never as a pair as it would have cost 
hundreds of millions of dollars” he 
added. However, the problem with the 
mirrors should have emerged during 
the individual testing. “It should have 
been very evident,” Olivier said. 

Some sections of the US press are 
blaming budget cuts in the early 1980s 
that forced NASA to cut quality control 
by up to 70 percent. Other reports say 
the initial specifications for the mirror 
shape may have been mis-calculated. 

Hubble Remains Unique 

According to Professor Boksen- 
berg, Director of the Royal Greenwich 
Observatory, it will be possible to re¬ 
cover some of the clarity lost due 
spherical aberration. The misshaped 
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HUBBLE SPACE TELESCOPE 



Un the right an image taKen Dy t£>A's Faint Object Camera (FOC) The same star is pictured at lett by 
a ground based observatory with a similar aperture size as the Flubble Space Telescope. The FOC 
image although superior to the ground based image picture here, is no better than an image from the 
world's most powerful telescopes under good conditions ESA/BAe 


mirror creates a very sharp central 
core to each point of light but each 
point is surrounded by a halo. Com¬ 
puter enhancement should be able to 
remove the halo to produce a clear 
image. However, the object must have 
a high contrast and will require longer 
exposure times. 

The instruments that operate in the 
ultraviolet portion of the spectrum will 
still perform well says Professor Bok- 
senberg. In the ultraviolet region the 
sky is dark creating high contrast. 
Visible light observations will be hit the 
hardest because the contrast in this 
area is low. 

The Wide Field/Planetary Camera 
(WF/PC) provided by the Jet Propul¬ 
sion Laboratory has been rendered 
virtually useless. “We feel now that 
there is no real science that we can do 
with the wide field camera at this time,” 
Weiler said. In the wide field mode the 
camera was expected to view vast 
areas of space containing numerous 
galaxies at distances of billions of light 
years. When operating in the plane¬ 
tary mode it was expected to provide 
clear close-up images of the planets, 
similar to those obtained during the 
Voyager flybys. 

Unfortunately, the WF/PC does not 
work well in the ultraviolet because red 
light that ‘leaks’ through the camera’s 
filters swamps the image. 

The Faint Object Camera (FOC), 
provided by ESA, was designed to 
detect stars as faint as the 28th mag¬ 
nitude. The camera’s high resolution, 
higher than any other Hubble instru¬ 
ment, should have enabled astrono¬ 
mers to distinguish fine details around 
the nuclei of active galaxies, to search 
for black holes in nearby galaxies and 
to study the surroundings of such very 
distant objects as quasars. The FOC 
is also able to image objects in the 
ultraviolet. Observations in this area 
of the spectrum were expected to 
show regions in distant galaxies where 
hot young stars are currently forming 
after collisions between galaxies. 
However, with Hubble’s blurred vision 
the camera’s images in visible light will 
be no better than those produced by 


ground based telescopes. Due to the 
halo effect it will be impossible to lo¬ 
cate planets around other stars and to 
examine the galaxies around quasars. 

The outlook for ultraviolet observa¬ 
tions is better. Even with the focusing 
problem the FOC will be far superior to 
any other space-borne ultraviolet in¬ 
strument. Observations in the ultra¬ 
violet wavelength cannot be made by 
ground based observatories. 

The HSP, also operating in visible 
and ultraviolet light, will still be able to 
produce measurements with high 
resolution. However, investigations 
requiring a high signal-to-noise ratio 
cannot be performed. Ed Weiler esti¬ 
mates half the HSP observations can 
still be made “primarily in the ultravio¬ 
let wavelength.” 

The High Resolution Spectrograph 
and the Faint Object Spectrograph will 
hardly be affected by Hubble’s focus¬ 
ing problem. The instruments are 
designed to operate in the ultraviolet 
wavelength and, due to their position 
in orbit, offer unique opportunities. 
The instruments can determine the 
composition, temperature and dis¬ 
tance of astronomical objects. 

“The telescope's ultraviolet capability 
is still unique,” said Professor Boksen- 
berg. “It is opening up a new window. We 
can expect some wonderful images in the 
ultraviolet.” 

Telescope Remains 
Over-subscribed 

NASA is reviewing the proposals for 
observations using the Hubble Space 
Telescope to determine which pro¬ 
grammes can go ahead in view of the 
spacecraft’s problem. When the space 
agency issued to call for proposals it was 
swamped. It received ten times more 
proposals than could be accommodated. 

Professor Boksenberg, a member of 
the HST User Committee told 
Spaceflight that once the observations 
no longer possible were deleted from the 
programme, there would probably be five 
times more proposals than could be run. 

New Optics Could Correct Problem 

NASA believes the spherical aberra¬ 
tion can be corrected to some extent by 


installing new instruments with modified 
optics. The new optics will be designed to 
create an opposite affect to the spherical 
aberration, cancelling it out. 

The WF/PC was due to be replaced with 
an upgraded version in 1993. Known as 
WF/PC-2, the instrument has basically 
the same design as the original camera 
but uses advanced CCD technology for 
higher resolution imaging. The Jet Pro¬ 
pulsion Laboratory is to accelerate con¬ 
struction of WF/PC-2 to enable its launch 
as early as possible. 

Two more instruments for Hubble are 
currently under development and will be 
fitted with new optics. The Near-Infrared 
Camera/Multi-Object Spectrometer 
(NICMOS) will extend the telescope’s 
capabilities in the infrared region of the 
spectrum and the Space Telescope Imag¬ 
ing Spectrograph (STIS), will cover a 
larger portion of the ultraviolet and visible 
spectrum with higher sensitivity and 
resolution than the two original spectro¬ 
graphs. The instruments are scheduled 
for installation during a 1996 Shuttle 
mission. 

Professor Boksenberg invented the 
photon detector system employed by tfie 
FOC. The system is also used by ground- 
based observatories and is so sensitive 
it can register single photons. He said it 
would be possible to develop an addi¬ 
tional optical element for the FOC that 
would correct the spherical aberration. 
The element could be ready in time for the 
1993 Shuttle mission. However, it has yet 
to be determined if spacewalking astro¬ 
nauts would be able to install the optics in 
orbit. 

ESA has not allocated funds for an 
updated version of the FOC which was 
developed using technologies more than 
ten years old. A new camera would be 
based on the present design but incorpo¬ 
rate major changes to the detector and 
electrical systems. FOC-2 would take 
three to four years to build and could be 
ready for installation in 1996. 

Hubble Will Live Up to its Promises 

Despite this major setback NASA still 
expects the Hubble Space Telescope to 
meet its original specifications. At pres¬ 
ent, in the visible spectrum, the telescope 
is no better than the best ground-based 
observatories. NASA is obviously embar¬ 
rassed by the problem, coming at a very 
difficult time for the agency. 

“You are all going to be delighted with 
the results in the next few years,” Dr 
Leonard Fisk, NASA Associate Adminis¬ 
trator for Space Science, told a Washing¬ 
ton news conference. “Six months from 
now, a year from now, I expect you all to 
‘ooh and aah’ over the pictures that 
Hubble "ii'cjoing to produce and, of course, 
compliment the current management of 
NASA on their success.” 

There is no doubt the telescope will 
be a very useful tool for ultraviolet 
astronomy ip the next few years and 
once the new instruments are installed 
Hubble should operate at full capacity 
and yield the great discoveries it prom¬ 
ised. 
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SOVIET PLANETARY EXPLORATION 


The Rocky Soviet 
Road to Mars 



In one form or another, the hu¬ 
man race has long looked to the 
sky far above Earth for answers 
to its many questions and dilem¬ 
mas. One concept which has 
long fascinated humans is the 
idea that other planets like Earth 
exist in space, and few have 
drawn more attention than the 
planet Mars. Of all the worlds as¬ 
tronomers could observe 
through their telescopes, none 
seemed more like Earth than the 
Red Planet. When technological 
advances made space travel 
possible, Mars became a prime 
focus for finding new answers to 
human needs through explora¬ 
tion by the Soviet Union, the first 
nation to launch a satellite into 
space. 

Born from the Cold War 

In the first decade following the end 
of World War Two, a new and strange 
conflict named the Cold War had 
emerged. The United States and So¬ 
viet Union had developed growing 
stockpiles of rockets and nuclear 
weapons from the technological spoils 
of the Second World War. Since the 
superpowers realized that rocket- 
borne nuclear devices could con¬ 
ceivably destroy themselves and the 
rest of civilization, they sought alter¬ 
native methods to turn other rations 
towards their ideological point of view 
and increase their global strength. 

The most significant of these meth¬ 
ods was through technological prow¬ 
ess. Space exploration offered the 
Soviets and Americans one of the 
most impressive and least hostile 
means to accomplish this goal, while 
still allowing them to continue produc¬ 
ing more of their supplies of military 
rockets. Despite initial setbacks, by 
the late 1950s, both nations had lofted 
unmanned satellites into Earth orbit 
and towards the Moon. Soon, mis¬ 
sions to Earth’s natural satellite would 
no longer be considered eeeugh to 
impress other governments and their 
populations. 

The First Missions 

In October of 1960, Soviet Premier 
Nikita Krushchev was at the United Na¬ 
tions headquarters in New York City 
for a meeting with the General Assem¬ 
bly. Krushchev desperately wanted 


By Larry Klaes 

the Soviet Union to be able to compete 
with the more advanced nations in all 
areas of development, particularly the 
United States. The domination of 
space and the technology to accom¬ 
plish this was one of Kruschev’s prime 
political goals. 

The rest of the world also wondered 
what the Soviets would pull off this time 
in the space arena. One year earlier, 
the unmanned Soviet probe Luna 2 
became the first spacecraft to impact 
on the surface of the Moon while 


Krushchev was meeting at the UN. The 
beaming Soviet Premier presented 
US President Dwight D. Eisenhower 
with a small model of the lunar craft, 
helping to drive home the idea that the 
Soviets were the leaders in the explo¬ 
ration, of the Universe. 

On the tenth of October, the first 
direct attempt to reach the planet Mars 
was made from the Baikonur Cos¬ 
modrome at Tyuratam, deep in the arid 
grasslands of the Kazakhstan Repub¬ 
lic. The unmanned Mars probe was 
launched atop a Molniya rocket (des¬ 
ignated A-2-e by the West) towards an 
Earth parking orbit, before being 
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boosted onwards to the Red Planet. 
Unfortunately, the Mars craft would 
reach neither Mars nor even the park¬ 
ing orbit. A failure in the booster’s 
escape stage sent the vehicle plum¬ 
meting back to Earth. A second Mars 
launch attempt four days later re¬ 
sulted in a similar fate. 

The Soviets never announced the 
existence of these missions to the rest 
of the world, though US intelligence 
sources did reveal the failed Mars at¬ 
tempts in 1962. The spacecraft are 
believed to have resembled the 
Venera 1 probe sent towards the 
planet Venus one year later: a domed 
cylinder flanked by solar panels and an 
umbrella-shaped antenna. Had the 
Soviets’ first two Mars craft suc¬ 
ceeded, they would have flown by the 
planet in May of 1961 (and possibly 
impacted), much earlier than any pro¬ 
posed American Mars probes. 

It was difficult for Krushchev at the 
UN. Frustrated at not having his way 
with the Assembly, and injured by the 
failed space coup, the Soviet Premier 
raged. At one point, Krushchev took 
off his shoe and slammed it against the 
meeting table, vowing to “bury” the 
United States. In the end, Krushchev 
would return home without either a 
political or space victory in hand, tak¬ 
ing the rumoured models of his failed 
Mars craft with him. 

There was another rumour of a 
Soviet attempt at Mars in 1960 which 
remained officially secret for almost 
three decades. Over the years, a num¬ 
ber of Soviet defectors and informants 
brought stories to the West of a terrible 
catastrophe which had occurred at 
Tyuratam late in 1960. According to 
these sources, there was a hurried 
third attempt to send a craft to the Red 
Planet while the launch “window” be¬ 
tween Earth and Mars was still “open”. 
This plan to placate Krushchev back¬ 
fired horribly when the rocket booster 
exploded on the launch pad during a 
rushed repair job, killing hundreds of 
technicians and specialist in the vicin¬ 
ity. 

The Soviets remained completely 
silent about this incident until April of 
1989, when an article written by 
Aleksandr Bolotin in the Soviet weekly 
magazine Ogonyok revealed what 
happened on that fateful day. Bdlotin 
corroborates that there was indeed an 
explosion of a rocket at Tyuratam on 
October 24, 1960, but it did not carry a 
craft to explore the Red Planet. In¬ 
stead, it was an attempt to launch an 
R-16 Inter-Continental Ballistic Mis¬ 
sile (ICBM). Better known in the West 
as the SS-7 Saddler, the rocket was 
designed and built by the Yangel Bu¬ 
reau, headed by Mikhail K. Yangel. 
The R-16 explosion killed dozens, 
perhaps hundreds, of engineers and 
technicians at the launch site, includ¬ 
ing the Soviet official in charge of the 


rocket project, Field Marshall Mitrofan 
Nedelin, Commander in Chief of the 
Strategic Rocket Forces. There may 
have been an actual plan for a third 
launch attempt to send an unmanned 
probe to Mars by the end of 1960 (later 
Soviet Venus and Mars probe mis¬ 
sions would be launched in threes), 
but the implementation of such a proj¬ 
ect now appears doubtful. 

Despite all that had gone wrong with 
their Mars probes in 1960, the Soviets 
were ready to send unmanned space¬ 
craft to the Red Planet again when the 
next launch window arrived in 1962. 
Krushchev had also obtained another 
space first in the intervening year by 
placing a human in space named Yuri 
Gagarin. The cosmonaut flew nearly 
one full orbit of Earth aboard the Vos- 
tok 1 spacecraft on April 12, 1961. This 
achievement beat the first manned US 
space mission by almost one month. 

The first of the three Mars probes 
launched in 1962 was sent into an 
Earth parking orbit on October 24. 
Only half an hour after the orbital in¬ 
sertion, the rocket stage attached to 
the probe, which would have sent the 
vehicle on to Mars, unexpectedly 
exploded. The resulting debris from 
the destruction sailed on in orbit and 
soon headed over the Soviet horizon 
towards thfe continental United 
States. 

It was a poor time for such an acci¬ 
dent to occur: far below the charred 
remains of the Soviet Mars probe, the 
world’s two superpowers were en¬ 
gaged in a battle of nuclear and politi¬ 
cal strength, later to be known as the 
Cuban Missile Crisis. The Soviets 
were placing nuclear missiles on the 
island nation of Cuba, their recent ally, 
which could strike most US targets in 
a matter of minutes with little warning. 
The US understandably protested at 
this, and President John F. Kennedy 
ordered Premier Krushchev to remove 
the warheads from that region of the 
Western Hemisphere. Krushchev ini¬ 
tially refused; the threat of a nuclear 
war escalated dramatically. 

One need only imagine the thoughts 
of those manning the Ballistic Missile 
Early Warning System (BMEWS) sta¬ 
tions in the Northern Hemisphere on 
October 24 when a cloud of unidenti¬ 
fied objects were seen arcing over the 
northern horizon from the Soviet Un¬ 
ion towards North America. Fortu¬ 
nately for all concerned, the defense 
computers quickly determined that 
the Mars probe remains were not a 
nuclear missile attack, and World War 
Three was averted. Soon after the 
incident, Krushchev backed down to 
Kennedy’s demands and eventually 
removed his nuclear weapons from 
Cuban soil. 

A second Mars probe was launched 
from Tyuratam on November 1. It be¬ 
came the first space vehicle in the 


series to actually leave Earth orbit. 

The Soviets officially announced the 
craft’s existence and intentions to the 
rest of the world and designated it 
Mars 1. Officials also released pic¬ 
tures and descriptions of the probe: An 
893.5-kilogram (1,970-pound) space¬ 
craft consisting of a cylindrical “bus” 

3.3 meters (10.89 feet) long, which 
housed both scientific instruments 
and course correction engines. The 
bus was flanked on either side by so¬ 
lar panels which supplied electrical 
power to the instruments and a high- 
gain “umbrella” antenna located on 
the front of the bus. 

The main objectives of Mars 1 were 
to study the interplanetary medium 
during its journey and to flyby Mars 
around June 19 of the following year 
at a distance of less than eleven thou¬ 
sand kilometres (6,700 miles). Mars 
1’s primary task was to photograph the 
planet’s surface. The craft was also 
designed to send back measurements 
on Mars’ magnetic and radiation 
fields, cosmic radiation, micromete¬ 
oroid impacts, and even indications of 
organic compounds on the Red Planet 
using a “spectroreflexometer”. 

The mission proceeded well 
through early 1963. On March 16, 

Mars 1 broke the distance record for 
interplanetary communication by a 
spacecraft of almost one hundred 
million kilometres (sixty million miles), 
set just two months earlier by the first 
successful US Venus probe, Mariner 
2 . 

Sadly, this was to have been one of 
Mars 1’s last accomplishments. Sev- i 
eral days later, Soviet controllers j 
noted that the craft was having troub- <• 
les with its orientation system. When 
Mars 1 could no longer keep its com¬ 
munications antenna locked on Earth, 
all contact was lost. The Soviets 
blamed an errant meteoroid which 
struck the probe and broke the ground 
link. Some Western experts, however, 
blamed the loss on a faulty attitude 
control and/or communications sys¬ 
tem which reached its technological 
design limits. In any event, it was a 
dark sign of things to come for the 
Soviet Mars programme. 

Three days after Mars 1 had been 
launched in 1962, the Soviets placed 
a third Mars probe into Earth orbit. Like 
its undesignated partner, it too failed 
to leave its parking orbit for the Red 
Planet, eventually burning up upon re¬ 
entering Earth’s atmosphere the next 
day. Theygh this is purely speculation, 
based on the unmanned Soviet Venus 
and Mars missions which were to fol¬ 
low these flights, the two unsuccess¬ 
ful Mars probes which were to have 
accompanied Mars 1 may have been 
carrying lander capsules designed for 
direct exploration of the Martian sur¬ 
face. The official Soviet explanation 
of the destroyed vehicles’ goals were 
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that only Mars 1 had been intended to 
head off into interplanetary space. 

America Joins the Race to Mars 

The next good window for launches 
to Mars took place in late 1964, and for 
the first time the. Soviet Union was not 
alone in exploring the Red Planet with 
spacecraft. The United States’ new 
Mars programme called for the 
launching of two Mariner spacecraft 
on flyby photographic missions. The 
first attempt, Mariner 3, ceased func¬ 
tioning soon after its launch aboard an 
Atlas-Agena D rocket from Cape Ca¬ 
naveral in Florida on November 5. The 
protective shroud around the craft 
failed to eject after insertion into space 
as planned. Unable to open its solar 
panels to receive energy, the probe’s 
batteries were soon exhausted. Mari¬ 
ner 3 drifted off into solar orbit as an 
inert hunk of metal. The designers of 
the Mariner series at the Jet Propul¬ 
sion Laboratory (JPL) in Pasadena, 
California quickly corrected the 
shroud problem for its sister probe, 
Mariner 4, and it was successfully sent 
to Mars on November 28. 

Two days later, the Soviets 
launched a single Mars probe with the 
generic name of Zond 2 (Zond is the 
Russian word for probe). Few details 
were released by the Soviets about the 
craft, though it very likely had a design 
similar to Mars 1. There was also 
speculation in the West that Zond 2 
carried a capsule lander to study the 
Martian surface. This was primarily 
based on the fact that Zond 2 seemed 
to have been launched to minimize its 
arrival speed at Mars, thus reducing 
the problems of atmospheric entry for 
a lander. National prestige also played 
a role in this speculation. Since Zond 2 
was scheduled to arrive at Mars after 
Mariner 4, sending images of the 
Martian surface would appear merely 
redundant in light of the US effort. An 
actual soft landing on the planet would 
certainly upstage any similar US Mars 
project by several years. 

One device verified by the Soviets 
aboard Zond 2 was a set of six experi¬ 
mental plasma (electromagnetic ion) 
engines designed to assist in attitude 
control, perhaps to resolve the prob¬ 
lems encountered by Mars 1. In spite 
of this technical innovation, it was 
noted just days after launch that Zond 
2’s initial power supply was 50°/q below 
the expected level. It was theorized 
that a solar panel on the craft might not 
have extended properly. This problem 
may have contributed to the loss of 
communications with Zond 2 in early 
May of 1965, just three months before 
its predicted flyby of Mars. 

There was some concern for a while 
that Zond 2 had actually impacted on 
the planet, as it was apparently not de¬ 
contaminated of Earth micro-organ¬ 
isms before its launch. Western scien- 



The Mars 3 probe. 


tists feared that any bacteria on the 
probe might “interfere” with any Mar¬ 
tian organisms present. At the least, 
they thought it might confuse future 
missions searching for life into think¬ 
ing that Earth organisms possibly 
deposited by Zond 2 were native to 
Mars. Despite these charges, no im¬ 
pact by the craft on Mars has ever been 
confirmed. It is believed that Zond 2 
missed the Red Planet on August 6 by 
1,497 kilometres (930 miles). 

Scientists also had more immediate 
concerns regarding Mars from the in¬ 
formation returned by Mariner 4, 
which flew past the Red Planet on July 
14, 1965 at a distance of 9,844 kilo¬ 
metres (6,118 miles) and returned the 
first close-up images of the Martian 
surface (twenty-two in all). Despite all 
of their previous evidence and theo¬ 
ries, Mars appeared to be a crater- 
scarred wasteland like Earth’s Moon. 
The carbon dioxide atmosphere was 
far thinner than expected, the planet’s 
water content and magnetic field were 
almost non-existent, and the famed 
"canals" observed since the Nine¬ 
teenth Century, were nowhere to be 
seen in any of the spacecraft images. 
Though the news from Mariner 4 was 
discouraging to those who had hoped 
Mars would be more like Earth, it was 
also realized that the American space¬ 
craft had imaged only one percent of 
the entire planet’s surface. It became 
apparent that the Red Planet would 
require much more intensive space¬ 
craft studies before a verdict on its true 
nature could be obtained. 

Though the Mars launch window 
had long passed by 1965, the Soviets 
sent up another Zond probe on July 18 
of that year. Zond 3 was a slightly 



modified Mars-Venera vehicle de¬ 
signed to be an engineering test of 
spacecraft systems for future Mars 
and Venus missions. No doubt this 
was due in part to the concern over the 
previous vehicle failures. It has also 
been speculated that Zond 3 was origi¬ 
nally meant to fly with Zond 2 as the 
photographic part of a much larger 
Mars mission, but technical problems 
with Zond 2 pushed Zond 3’s launch 
date beyond the favourable window. 

Zond 3 sped past the far side of 
Earth’s Moon on July 20, where it took 
the first images of that hemisphere 
since Luna 3 in 1959. Soviet control¬ 
lers then sent the probe on a trajectory 
out to the orbit of Mars. As Zond 3 
sailed outward, it transmitted back its 
images of the lunar surface at various 
distances in a test of the communica¬ 
tions system. Zond 3 continued to 
transmit data on interplanetary space 
until March of 1966, when it was 153.5 
million kilometres (338 million miles) 
from Earth. Though Zond 3 did even¬ 
tually cross the orbit of Mars, the craft 
was too distant from the planet at the 
time for its instruments to record any 
information. 

To Touch the Face of Mars 

The launch window to Mars for 1967 
was passed up by both the Soviets and 
the United States. Rather, they con¬ 
centrated on sending their planetary 
spacecraft to gather information on 
the hellish world of Venus and pre¬ 
pared to place men on the surface of 
the Moon. On a much less visible level, 
the two superpowers were working on 
more ambitious unmanned missions 
to the Red Planet. While the US was 
planning its next series of more so- 
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the US with their own human explorers 
on the lunar surface. A final attempt by 
the Soviets to steal some of the lime¬ 
light from Apollo 11 came when they 
attempted to deposit an unmanned 
craft named Luna 15 on the Moon. The 
probe, which would have collected and 
returned soil samples to Earth ahead 
of the American effort, failed in its 
objective when Luna 15 crashed into 
the lunar dust. 

As if a manned lunar landing were 
not enough, within days of Apollo 11’s 
return to Earth on July 24, Mariner 6 
and 7 flew by Mars. They returned 
more details on the planet than had 
been possible to gather by Mariner 4. 
The Mars revealed to scientists by the 
mechanical pair did seem more in¬ 
triguing than what was shown four 
years earlier, but the extra information 
still did not lift the stigma of a “dead” 
world left by the previous mission. 

In the heady weeks following the 
success of Apollo 11, there was seri¬ 
ous talk at NASA to land men on Mars 
within twenty years as the next goal of 
the US space programme. The Sovi¬ 
ets responded that they had never 
intended to put cosmonauts on the 
Moon. Instead, they were concentrat¬ 
ing on placing manned space stations 
in Earth orbit and landing unmanned 
vehicles on the lunar surface and the 
nearby planets. Within two years, the 
Soviets would achieve all of these new 
space goals. 

The New Generation 

The first year of the 1970s bore wit¬ 
ness to the closest approach of the 
Red Planet in its solar orbit to Earth 
since 1956. Fifteen years earlier, nei¬ 
ther the Soviets nor the US had lofted 
even a single satellite into orbit around 
Earth; now the two nations were 
launching their most ambitious as¬ 
saults yet on the fourth world from the 
Sun. 

The US made the first launch at¬ 
tempt with Mariner 8 on May 9, 1971. 
It was designed to orbit Mars with Mari¬ 
ner 9 and examine the entire surface 
of the plantet for at least ninety days. 
Instead, the spacecraft ended up in 
the Atlantic Ocean when an autopilot 
fault in the Centaur stage of its Atlas- 
Centaur rocket booster sent the craft 
wildly off course. 

The Soviets had equally bad luck the 
next day. What might have been offi¬ 
cially designated a Mars probe instead 
became Cosmos 419 when the vehicle 
failed to leave its parking orbit around 
Earth. The probe was subsequently 
destroyed upon re-entering the at¬ 
mosphere on May 12. Success was 
finally achieved nine days later when 
the Soviet Mars 2 spacecraft escaped 
Earth’s gravitational well. It was fol¬ 
lowed on May 28 by a twin named Mars 
3. The US rounded out the Mars 
launches two days after Mars 3 with 


phisticated flyby probes (Mariner 6 
and 7) and planet orbiters (Mariner 8 
and 9), the Soviets were testing their 
next generation of Mars explorers in 
the atmosphere and in Earth orbit. 
Throughout the late 1960s, there were 
reports of Soviet high-altitude aircraft 
drop-testing flight models of a new 
lander capsule aeroshell and para¬ 
chute system designed for a future 
series of unmanned Mars surface ex¬ 
plorers. 

The United States was also making 
serious plans for the landing of ve¬ 
hicles on the Martian surface. In Octo¬ 
ber of 1967, a NASA project named 
Voyager was cancelled by the US 
Congress for being too costly. Voy¬ 
ager was designed to send several 
large lander craft to Mars and Venus, 
launched by the massive Saturn 5 
rocket booster used to send Apollo 
astronauts to the Moon. NASA imme¬ 
diately began scaling back their Voy¬ 
ager plans, and one year later Project 
Viking was born. If everything went 
well for NASA, the US would have their 
first Mars landers outbound for the 
Red Planet by 1973. 

By 1969, there were rumours that 
the Soviets were ready to unleash a 
new series of^ Mars explorers. These 
new vehicles supposedly weighed far 
more than any previous Mars craft, 
and thus needed a more powerful 
rocket to boost them into interplane¬ 
tary space. This required the assis¬ 
tance of the Proton booster (code- 
named D-1-e in the West), designed 
by the Bureau of Vladimir N. Chelomei. 
The probes may have consisted of a 
flyby bus which would drop a lander 
onto the Martian surface as the bus 
headed on into an orbit around the 
Sun. Once safely on the reddish soil, 
the lander would then relay the first 
surface data and images of the alien 
world to Soviet controllers back on 
Earth. 

There were reports of at least two 
launch attempts to Mars by the Sovi¬ 
ets in March and April of that year, 
though none apparently achieved 
Earth orbit. Around the same time, the 
United States successfully lofted 
Mariner 6 and 7 into space, the latest 
spacecraft in the American Mars flyby 
programme, fn the months to follow, all 
of these Mars craft wefe to virtually 
disappear from the public eye, 
eclipsed by an event of historical stat¬ 
ure. 

Humans on Another World 

On the evening of Sunday, July 
20th, 1969, the United States placed 
two astronauts, Neil Armstrong and 
Edwin Aldrin, on the surface of the 
Moon during the Apollo 11 lunar mis¬ 
sion - the first humans ever to walk on 
another world. The American triumph 
made a critical impact on the secret 
Soviet project then underway to beat 


Mariner 9, which also found its way on 
to the Red Planet. 

Mars 2 and 3 were more advanced 
than any Soviet Mars spacecraft de¬ 
veloped before. Weighing 4,650 killo- 
grammes (10,250 pounds) each, the 
Mars craft carried 450-kilogram (990- 
pound) landers to photograph and 
examine the Martian surface. The 
lander design was based on that of the 
Luna 9 and 13 Moon probes of 1966: a 
sphere kept upright by four metal 
“petals” which opened around the 
lander’s base after touchdown. The 
crafts’ main buses contained rocket 
thrusters designed to brake the 
probes for insertion into orbit around 
Mars, where they would serve both as 
scientific stations and orbital relays 
for the landers’ signals back to Earth. 
Even the project’s design team was of 
a new generation, averaging less than 
thirty years in age. The team was 
supervised by veteran mission spe¬ 
cialists. 

Although launched from Earth last, 
Mariner 9 had taken a shorter flight 
path and arrived at Mars on November 
14. It became the first spacecraft to 
orbit another planet. Mars 2 came on 
the scene on November 27, followed 
by Mars 3 two days into the following 
month. 

As the space vehicles assembled in 
orbit in preparation for wrestling many 
of the secrets from this small world, 
Mars was to try hide itself from human 
scrutiny one last time. During the 
months that the Soviet and American 
probes were travelling towards the 
Red Planet, astronomers on Earth 
noted that a major dust storm was 
brewing up on Mars. By the time the 
spacecraft had arrived in Martian or¬ 
bit, the dust storm had engulfed the 
entire planet, obscuring almost every 
surface feature from the view of the 
probes’ electronic eyes. Mariner 9 
waited out the dust storm to begin its 
primary tasks. Mars 2 and 3 had no 
such luxury. Due to design limitations, 
the Soviet probes had to release their 
landers before injecting themselves 
into Mars orbit; they could not wait for 
the raging dust storm to end. 

After being ejected from the orbiter 
buses, the landers were to enter the 
thin Martian atmosphere at super¬ 
sonic speeds. The craft would be pro¬ 
tected from heat friction with the air by 
a surrounding aeroshield. Once past 
this critical phase of the descent, a 
parachute would be released to slow 
the craft even further, followed by the 
ejection of the shield. Just before 
touchdown, the Mars landers would 
fire retrorockets to cushion the land¬ 
ing impact to a survivable velocity. On 
the surface, the landers’- metal “pet¬ 
als” would then open outward to pro¬ 
vide balance, and the craft would 
immediately start to relay a panoramic 
view of their surroundings to their or- 
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The Mars 5 probe took this image of the Martian surface covering an area of 100 x 100 km. It shows the 
western part of a crater with a diameter of 150km and a depth of about 3 km. Near the centre of the 
photograph an irregular-shaped depression about 25 km in length can be seen. 


biting buses tor transmission to Earth. 
The landers would then carry out vari¬ 
ous measurements of the immediate 
environment until their batteries were 
exhausted. One mission study which 
was not conducted by the landers was 
the search for life on Mars. Dr Lev 
Mukhin, chief of the Laboratory of 
Exobiology of the Soviet Institute of 
Space Research, deemed such ex¬ 
periments as "too complex”. 

Either because of the dust storm or 
mechanical problems, Mars 2’s sur¬ 
face mission was cut drastically short. 
The lander was ejected on November 
27 and descended through Mars’ tur¬ 
bulent atmosphere as planned; how¬ 
ever, when the moment of touchdown 
arrived, only silence was received on 
Earth. The Mars 2 lander apparently 
crashed in the southern hemisphere of 
Mars in the western end of Hellas 
Planitia, a dust-filled basin with few 
impact craters. Though no data was 
returned from the lander, it did become 
the first human-made vehicle known to 
reach the surface of Mars. The lander 
also deposited a pennant displaying 
the Soviet Coat of Arms, which the 
probe carried in commemoration of 
the event. The Mars 2 bus subse¬ 
quently went into an orbit ranging in 
altitude from 1,380 to 25,000 kilo¬ 
metres (860 to 15,500 miles), circling 
the planet once every eighteen hours. 

Initially, Mars 3 had better luck than 
its counterpart. Arriving in orbit on De¬ 
cember 2, the lander was released 
from the main bus towards Mars ana 
plunged through the wind-swept dust 
and sand at supersonic speeds. Three 
minutes later, the lander successfully 
touched down in a heavily cratered 
plain near the northern rim of an an¬ 
cient crater named Ptolemaeus, lo¬ 
cated in the southern hemisphere. 
Ninety seconds after the historic 
touchdown, the- craft’s timing mecha¬ 
nism ordered a panoramic imaging 
scan of the lander’s surroundings; but 
just twenty seconds into the scan, the 
signals suddenly ceased. A partial 
picture was returned to Earth, but it 
“did not reveal any noticeable differ¬ 
ence in the contrast of details”, ac¬ 
cording to a Soviet report. For almost 
a full week after the incident, Soviet 
controllers tried to regain the lander’s 
signal, but the effort would eventually 
prove futile. 

At first the signal loss of the Mars 3 
lander was blamed on the global dust 
storm as the cause for the probe's de¬ 
mise. The vehicle may have been-satu¬ 
rated with fine sand, or knocked over 
by strong winds. Soviet space scien¬ 
tists M. Y. Marov and G. I. Petrov later 
announced that the Mars 3 orbiter may 
have been at fault, failing to continue 
transmitting its lander’s information to 
Earth at the critical time, due to an 
error in the main bus telemetry sys¬ 
tem. 


With the Mars lander missions now 
permanently defunct, Soviet control¬ 
lers concentrated on the scientific 
studies made by the orbiters. Photo¬ 
graphing the planet’s surface proved 
frustrating, as the dust storm contin¬ 
ued to blot out most Martian features 
through early 1972. After several 
weeks the imaging part of the mission 
was given secondary status, while 
Mars 2 and 3 concentrated on taking 
measurements of the Martian atmos¬ 
phere and surface. The orbiters dis¬ 
covered atomic hydrogen and oxygen 
in the upper atmosphere. The average 
temperature on the surface ranged 
from 13° Celcius (55.4° Fahrenheit) at 
noon to -110° Celcius (-230° Fahren¬ 
heit) at night. Portions of the planet’s 
night side were found to be 20 to 25 
degrees warmer than some of their 
immediate surroundings. Atmos¬ 
pheric pressure on the ground was 
recorded at 5.5 to 6 millibars (by com¬ 
parison, air pressure on Earth aver¬ 
ages 1,012 millibars at sea level), and 
water vapour was scarce. The orbiters 
were subsequently turned off in Au¬ 
gust of 1972. Despite the problems 
encountered with the landers, Mars 2 
and 3 did become the first Soviet 
spacecraft to orbit the Red Planet for 


study and deposit landers on its sur¬ 
face while still in communication with 
Earth. 

By January of 1972, the incredible 
dust storm finally began to settle down 
across Mars, and surface features 
were slowly becoming visible. The 
lone US orbiter, Mariner 9, began to 
record details on the face of Mars in 
earnest; what it found erased the 
concept of a “dead” planet, which had 
been held by most scientist since the 
visit of Mariner 4 seven years earlier. 

While Mars may have been smaller 
than Earth overall, many of its geologi¬ 
cal features rivalled anything its larger 
neighbour possessed. Mariner 9 dis¬ 
covered gargantuan volcanoes in the 
Red Planet’s Amazonis Planitia re¬ 
gion, the largest of which was later 
named Olympus Mons. Towering 
twenty-two kilometres (fifteen miles) 
over the Martian plain that it occupies, 
Olympus Mons covered an area 
equivalent to the state of Nebraska. 
Another amazing feature disclosed by 
Mariner 9 was a vast canyon system 
whose only equivalent on Earth are the 
deep trenches of the Pacific Ocean. It 
was named Valles Marineris, Valley of 
the Mariner, after its mechanical dis¬ 
coverer. 
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Mars’ two small moons, Phobos and 
Deimos (Fear and Terror), were also 
imaged in detail by Mariner 9 for the 
first time. Discovered by American as¬ 
tronomer Asaph Hall in 1877, they 
were named after the mythical horses 
which drew the chariot of Mars, the 
Roman god of war. Both moons ap¬ 
peared as dark, potato-shaped bodies 
less than 22 kilometres (15 miles) 
across. This information furthered the 
theory that Mars captured Phobos and 
Deimos as wandering planetoids at 
some point in the distant past. 

While the "canals" of Mars did not 
appear in the Mariner 9 images, they 
were replaced by the finding of many 
natural channels and river beds. 
These were formed by the flow of water 
over the Martian surface long ago in 
the planet’s history. A new view of 
Mars as a geologically and biologically 
active world sprung from the year-long 
efforts of the orbiter. This gave the 
people working on the Viking lander 
project, now scheduled for launch in 
late 1975, renewed hope that their 
goal of finding life on the Red Planet 
would be a success. 

The Soviet Assault of Mars 

The Soviets now found themselves 
in an even tighter race against time to 
try and beat the impressive potentials 
of the American Viking probes. There 
was only one launch window to the Red 
Planet after Mars 2 and 3 and before 
Viking’s scheduled launch, the sum¬ 
mer of 1973. It was not as favourable 
as the one two years earlier. The Pro¬ 
ton booster would not be able to carry 
a combined orbiter and lander craft in 
this window. The weight of such a 
vehicle setup would be too “steep” for 
the rocket’s power limits, and a more 
powerful booster could not be devel¬ 
oped in time. 

Undaunted, the Soviets split the 
mission between four probes, which in 
most respects were identical to their 
1971 predecessors. Mars 4 and 5 
would orbit the planet and relay not 
only scientific data but telemetry from 
the landers, which would be deposited 
on the Martian surface by Mars 6 and 
7. The buses which carried the landers 
would then sail on into solar orbit after 
delivering their loads. Mars 4 was 
launched first on July 21, 1973, fol¬ 
lowed by Mars 5 on July 25. Mars 6 was 
sent aloft the following month, on 
August 5, with Mars 7 bringing up the 
rear four days later. 

Being the first of the series 
launched, Mars 4 also arrived at Mars 
ahead of the rest on February 10, 
1974. Instead of going into orbit as 
planned, however, the probe’s main 
braking engine failed to fire its rockets. 
Mars 4 drifted past the planet at an 
altitude of 2,200 kilometres (1,320 
miles) before heading off into an un¬ 
scheduled-orbit around the Sun. Mars 


4 did relay back to Earth a number of 
images of the planet’s surface as it 
flew past Mars into interplanetary 
space. 

Mars 5 reached the Red Planet just 
two days after its sister orbiter, suc¬ 
cessfully firing its breaking engines for 
insertion into orbit. The probe made 
one revolution around Mars in just over 
25 hours. In addition to its original 
scientific duties, Mars 5 now had to 
serve as the communications relay for 
both Mars landers, since Mars 4 was 
no longer available to do the job for 
Mars 6. Together with Mars 4, Mars 5 
took sixty images of the Martian sur¬ 
face, comparable in quality to those 
taken by Mariner 9 two years earlier. 
Mars 5 also gave scientists th£ first 
serious evidence that most of the soil 
on Mars was bright orange-red in col¬ 
our (the colour camera filters on Mari¬ 
ner 9 had malfunctioned very early in 
its mission). Mars 5 also found an 
ozone layer 30 kilometres (18 miles) 
above the planet’s surface. In addi¬ 
tion, the probe revealed that the out¬ 
ermost layer of the atmosphere con¬ 
sisted of atomic hydrogen 20 thou¬ 
sand kilometres (12 thousand miles) 
above the planet. To date, Mars 5 has 
been the only Soviet Mars probe which 
accomplished all of its planned tasks. 

Almost ofte month after Mars 5 
began its study of the Red Planet, the 
first of the flyby/lander probes, Mars 
7, arrived at Mars. The flyby bus 
ejected its lander towards the planet 
on March 9, aiming for what may have 
been the eastern rim of Argyre Plani- 
tia near the crater Galle. Due to an 
apparent fault in either its solid-pro¬ 
pellant motor or attitude control sys¬ 
tem, the Mars 7 lander missed the 
entire planet by 1,300 kilometres (780 
miles) and drifted off into deep space. 
The flyby bus was able to take its 
planned measurements of Mars be¬ 
fore joining its failed lander in solar 
orbit. 

The second flyby/lander, Mars 6, 
was the last of the set to reach Mars, 
successfully deploying its lander on 
March 12. The lander performed as 
designed during its descent towards 
the surface, relaying back to Earth the 
first direct atmospheric readings of 
Mars, which seemed to indicate a high 
concentration of argon (this would 
later be proven false). Just twenty 
seconds away from the planned touch¬ 
down in the southern region of the 
heavily cratered Margaritifer Sinus, 
signals from the lander suddenly 
ceased without warning. The cause of 
the Mars 6 lander’s transmission fail¬ 
ure would remain a mystery for over a 
decade. In recent years, however, it 
has been conjectured that the lander 
was destroyed when it inadvertently 
slammed into the Martian plain while 
descending at an unplanned horizon¬ 
tal velocity of several hundred kilo¬ 


metres per hour. 

The Viking has Landed 

While the Mars 4-7 series did ac¬ 
complish a number of important tasks 
at Mars, it failed to take away the glam¬ 
our and scientific gains which were to 
come from the United States’ Viking 
mission. When the Viking 1 and 2 
probes were launched from Cape Ca¬ 
naveral in the late summer of 1975, 
many Western space experts as¬ 
sumed the Soviets would try again for 
Mars around the same time; however, 
no spacecraft bound for the Red 
Planet left Tyuratam that year. The 
Viking craft sailed on unaccompanied 
towards their destined world. 

Viking 1 arrived first at Mars on June 
19, 1976, becoming the fifth space¬ 
craft to orbit the Red Planet. After a 
month of scanning for a suitable land¬ 
ing site, the Viking orbiter module 
eventually set its lander down on the 
western slopes of Chryse Planitia. 
Viking 1 became the first truly suc¬ 
cessful Mars lander on July 20, the 
seventh anniversary of the Apollo 11 
lunar landing.. Viking 2 arrived on the 
scene several months later and suc¬ 
cessfully placed its lander in Utopia 
Planitia, almost 7,000 kilometres 
(4,200 miles) away. 

The Viking landers soon had a 
number of surprises in store for the 
mission controllers back at the Jet 
Propulsion Laboratory. Early images 
from the landers revealed that the 
Martian daytime sky was pinkish in 
colour, not dark blue as originally 
thought, due to sunlight reflecting off 
the reddish dust particles in the 
planet’s thin atmosphere. Both land¬ 
ing sites were revealed to be relatively 
flat and literally rusted deserts, strewn 
with boulders of various sizes in every 
direction. The weather was bitterly 
cold by the standards of most Earth 
life, and nearly void of any trace of 
humidity. 

The Viking landers’ primary task of 
searching for life on the Red Planet 
also held surprises for the mission 
scientists, but not quite in the fashion 
they had anticipated. The results from 
the air-and soil samples placed in the 
landing crafts’ automatic biology labs 
were more perplexing than revealing. 
Some scientists argued that the reac¬ 
tions in the probes’ labs were organic 
in origin, while others claimed them to 
be the result of inorganic substances 
in the soil chemistry. In the end, the 
centuri53rold debate over whether or 
not life existed on Mars would fail to be 
resolved with Viking. More sophisti¬ 
cated examinations would be needed. 
A mission to secure and return 
samples of the Martian soil to Earth 
was considered by planetary scien¬ 
tists to be most ideal. 

During this time, something hap¬ 
pened to the future plans for Mars with 
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both the Soviet Union and United 
States. The Soviets ceased all Mars 
missions for over a decade after 1974, 
concentrating their planetary explora¬ 
tion efforts instead on Venus, where 
they had already shown a great deal of 
success. Though Venus was a far 
harsher world to examine and land on 
than Mars, it came much closer to 
Earth in its solar orbit than the Red 
Planet ever did. The launch windows 
to Venus also occurred with greater 
frequency. This allowed the Soviets to 
have a shorter mission time for their 
probes, few of which lasted as long as 
their American counterparts. The 
Soviets were also busy with their 
manned Salyut space stations in Earth 
orbit, which gave Soviet scientists 
continually increasing data on the ef¬ 
fects of long-term space flights on 
humans. The information was vital for 
a manned expedition to Mars, which 
would require several years for a suc¬ 
cessful round trip. 

Soon after the success of the Viking 
probes, the US talked about plans for 
constructing an unmanned Mars rover 
and soil sample return mission, sched¬ 
uled for launch in the 1980s. However, 
a dwindling NASA budget and in¬ 
creased concentration of funds and 
other resources towards the manned 
Space Shuttle programme pushed 
these Mars projects even further into 
the future. By the end of the decade, 
all US planetary probe missions were 
affected. After the launch of the Pio¬ 
neer Venus spacecraft in 1978, there 
would not be another new American 
mission to the planets for almost 
eleven years. The plans for a manned 
journey to Mars so vividly described in 
the 1960s were left to a vague future 
time. 

Revived Ambitions for 
the Red Planet 

The Soviets were not completely 
idle with their Mars programme. By the 
early 1980s, the Space Research In¬ 
stitute of the Soviet Academy of Sci¬ 
ences, lead by its director, Roald Z. 
Sagdeyev, were developing plans for 
a whole new series of robot Mars ex¬ 
plorers. The ultimate goal of these 
efforts were to lead to manned expe¬ 
ditions. As the decade progressed, 
new spacecraft designs were emerg¬ 
ing from the Soviet Union, sometimes 
being revealed to the rest of the world 
far in advance of their launchings. This 
was something almost unUjIakable 
only a few years earlier. 

Much of this behaviour came about 
from the changes in the Soviet politi¬ 
cal climate, brought on by Soviet 
President Mikhail Gorbachev. Like 
Krushchev, Gorbachev wanted to 
bring the Soviet Union up to the stan¬ 
dards of the modern world. Unlike his 
predecessor two decades earlier, 
Gorbachev decided to follow this path 
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by frequently working with other na¬ 
tions, rather than treating them as 
adversaries. 

One of the results of this new politi¬ 
cal climate was the Phobos pro¬ 
gramme, whose existence was an¬ 
nounced in 1983, five years before its 
scheduled launch. Phobos was ambi¬ 
tious in many new areas. Two 6,220- 
kilogram (13,684-pound) probes were 
to be sent to study the Martian moon 
Phobos, as well as Mars itself and 
possibly its smaller moon, Deimos. 
The craft would drop several small lan¬ 
ders on the dark, cratered face of Pho¬ 
bos, a first in the history of space 
exploration. Studying the Martian 
moons made a great deal of sense 
from the point of view for human explo¬ 
ration. The satellites’ close proximi¬ 
ties to Mars and low masses could 
serve as excellent “space stations” for 
crews preparing to land on the Red 
Planet. 

The two Phobos spacecraft were to 


be launched from the Soviet Union in 
the summer of 1988 and go into orbit 
around Mars early the following year. 
The orbiters would then wait several 
months, studying Mars and its moons, 
while they achieved the proper trajec¬ 
tory to flyby Phobos at the incredibly 
low altitude of 50 metres (165 feet). At 
this point the orbiters would drop off 
three landers (one from Phobos 1 and 
two from its sister craft), two of which 
would anchor themselves with a har¬ 
poon into the dusty soil of the small 
moon. The other lander would use a 
metal bar to move across Phobos’ sur¬ 
face by “hopping" until its batteries ran 
out of power. The landers would send 
images and information about the 
moon to their orbiters, which would 
relay the data back to Earth. 

The United States would play a vital 
role in the communications aspect of 
the mission by using NASA’s Deep 
Space Network (DSN) of radio tele¬ 
scopes to pick up Phobos’ weak sig- 


An artist's impression of the Phobos spacecraft probing the surface of the Martian moon The two Phobos 
surface landers appear on the right and left 
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nals during their missions, just as the 
Jodrell Bank radio telescope in Great 
Britain had done for the Soviets in their 
Mars mission two decades before. 
There was also a variety of scientific 
equipment from over a dozen other 
nations onboard the probes. The 
complexities and international coop¬ 
eration of the mission were meant to 
be a sign of the great things to come in 
the Soviets’ renewed ambitions to¬ 
wards the Red Planet. 

Phobos Heads to Mars 

Phobos 1 left the launch pad at 
Tyuratam on July 7, 1988, atop a Pro¬ 
ton rocket, followed by Phobos 2 on 
July 12. Like the Mars probes sent 
before them, the Phobos craft con¬ 
ducted studies of the Sun and inter¬ 
planetary environment while in transit 
towards the Red Planet. 

On August 31, Phobos 1 was being 
prepared for an important interna¬ 
tional solar experiment. During one of 
the regular communication sessions 
with the probe, a command message 
with one character accidentally omit¬ 
ted was sent to the craft. This seem¬ 
ingly minor incident quickly snow¬ 
balled as Phobos 1 was subsequently 
given a computer command to shut off 
its attitude control system. The result¬ 
ing error caused the probe to begin 
tumbling, aiming its solar panels away 
from the Sun. Power in the spacecraft 
dropped dramatically until it could no 
longer function, eventually ceasing 
communications. Despite several 
days of intense efforts by the Soviets 
to re-establish contact, Phobos 1 was 
permanently silent. 

Mission officials became extremely 
cautious about ensuring the continued 
functioning of Phobos 2, as it was now 
the only Phobos spacecraft left to 
carry out the mission objectives; how¬ 
ever, even their pampering was not 
enough to keep Phobos 2 from devel¬ 
oping troubles of its own. As the probe 
neared Mars, the main 50 W transmit¬ 
ter aboard the craft malfunctioned, 
leaving only the 5 W backup to keep 
Phobos 2 in touch with Earth. The main 
bus cameras and several scientific in¬ 
struments also malfunctioned along 
the way, though they were later cor¬ 
rected by the time Phobos 2 went into 
Mars orbit on January 29, 1989. For 
the next two months, the craft spent its 
time examining Mars and Phobos, 
while adjusting its altitude above the 
planet to match that of its target moon. 
Placement of the two landers on the 
surface of Phobos was scheduled to 
occur around April 7. 

On March 27, almost two months 
after Phobos 2 was placed in orbit 
around the Red Planet, controllers 
ordered the craft to orient itself to take 
a new series of photographs of Pho¬ 
bos. Since the probe’s main antenna 
was not on a separate swivel platform 


from the orbiter, the entire craft had to 
be turned away from Earth while the 
picture set was being taken. It would 
then reorient itself to transmit the 
images to Earth. 

Instead, the technical problems 
which have haunted the Soviet Mars 
missions since their beginning caught 
up with Phobos 2. The orbiter turned 
away for the imaging, but did not turn 
back as planned. For two hours after 
the mishap, Soviet controllers tried to 
raise the craft. They were rewarded for 
thirteen minutes when faint signals 
were received from the probe, but 
soon after the signals disappeared. 
Phobos 2 was not heard from again. It 
was surmised that, like its sister 
probe, Phobos 2 began to tumble when 
contact with Earth was lost, and the 
craft eventually shut down when its 
solar panels moved away from direct 
sunlight. Ironically, the orbit of Phobos 
2 might inadvertently cause the probe 
to someday become the first human- 
made vehicle to reach the surface of 
the Martian moon, though certainly 
not in the manner it was intended. 

Two main theories quickly arose as 
to the cause of Phobos 2’s permanent 
silence. Perhaps some debris, a me¬ 
teor or even the probe’s jettisoned 
propulsion module, had struck the 
spacecraft, disorientating it and point¬ 
ing the antenna* away from Earth. The 
attitude control system (possibly a 
faulty gyroscope) might also have 
malfunctioned when the craft turned 
away from Earth to photograph its 
target moon, and then could not aim 
the spacecraft back at its planet of 
origin. Project officials have since 
come to believe that an onboard com¬ 
puter may have had either an internal 
malfunction or been affected by a 
power supply problem. 

Another contribution to the ultimate 
failure of Phobos 2 may have come 
from the revelation of a lack of overall 
cooperation between the spacecraft's 
builders and the mission scientist. 
Such divisions will need to be removed 
if future Mars projects are to be suc¬ 
cessful, particularly when other na¬ 
tions (and human life) are involved. 

Though the Soviets officially wrote 
off Phobos 2 on April 18, 1989, the 
mission was not without its successes. 
The first spacecraft to explore the Red 
Planet since the accidental shutdown 
of the Viking 1 lander in November of 
1982, Phobos 2 made a number of 
important studies with a variety of 
instruments at its disposal in the two 
months it functioned high above Mars. 
One experiment named FREGAT 
used Charged Coupled Device (CCD) 
images of Phobos to reveal that the 
moon is uniformly grey in colour and 
recorded areas missed by the Viking 
orbiters ten years earlier. A scanning 
radiometer designated TERMOSKAN 
made infrared images of the surface of 


Mars, indicating previously unknown 
warm and cool regions of the planet. 

Bolder Missions, 

Smarter Machines 

Before the Phobos probes were 
sent on their way, the Soviets had 
outlined an ambitious programme of 
Mars missions, leading up to a manned 
landing by the year 2015. While the 
exploration timetables have since 
been readjusted, particularly with the 
manned missions, most of the un¬ 
manned projects are still intact in one 
form or the other. Even the United 
States is showing an interest in explor¬ 
ing Mars again, both for scientific and 
political purposes as well as human ex¬ 
ploration and colonization. 

The best defined of the Soviets’ fu¬ 
ture projects for Mars, and so far the 
only one officially approved, is cur¬ 
rently called Mars 1994. The project is 
similar in scope to the earlier Soviet 
Vega mission, successfully launched 
in December of 1984 to explore the 
planet Venus with balloon-borne 
probes and landers. If the mission is 
successful, it should provide the first 
comprehensive understanding of 
nearly all aspects of the Martian envi¬ 
ronment, which is crucial to the suc¬ 
cess of the projects which may follow 
it. 

Mars 1994 will consist of two im¬ 
proved Phobos class vehicles, which 
will be launched towards the Red 
Planet in November of 1994 for arrival 
in Mars orbit the following October. 
Once the orbiters are prepared, they 
will deploy a series of small penetra- 
tors and one balloon probe each. The 
penetrators would lodge themselves 
in various areas of the Martian sur¬ 
face, unhampered by any rough ter¬ 
rain due to their rugged construction. 
These surface stations would relay 
seismic and possibly meteorological 
data to Earth using the Soviet orbiters 
and the United States’ Mars Observer 
probe, which should already be in orbit 
by the time Mars 1994 arrives. 

Several kilometres above this sur¬ 
face activity, the balloon probes will be 
sampling the thin Martian atmosphere 
and using television cameras to take 
high-resolution images of the thou¬ 
sands of kilometres of land they will be 
able to study as they drift overhead. 
The 21 meter (70 foot) tall French- 
made balloons will be kept suspended 
in the air by the Sun-warmed gas inside 
them. At night the balloons will de- 
scencflo' the surface when the tem- 
peratur#~cools, where the probe in¬ 
struments will be protected from 
touching the ground by an American- 
designed “snake” construct sus- 


An artist’s impression of a future Soviet 
Mars rover traversing the rocky terrain of 
the Red Planet. 

Painting by U. Seidenfaden 
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pended beneath them, which will also 
serve as a soil analyzer. 

The balloon probes should be able 
to cover many interesting sites each 
day for at least ten days, lifting off each 
morning after sunrise and imaging the 
Martian surface, before settling down 
in the evening hundreds of kilometres 
away. Eventually the gas will leak out 
of the balloons to the point where their 
instrument packages will become too 
heavy to loft any further. 

Should Mars 1994 succeed, the So¬ 
viets may head back for the moon 
Phobos again several years later, this 
time going several steps further with 
the mission goals set for Phobos 1 and 
2. Two Phobos type craft would be sent 
/ off into space in 1996-1997, one to the 
Martian moon, the other to investigate 
a number of planetoids beyond the 
orbit of Mars, including Vesta. The 
Phobos probe would drop a lander on 
Phobos to analyze the moon, and 
perhaps even return soil samples of 
this tiny world to Earth - the first acqui¬ 
sition of material from another planet’s 
moon. 

The year 1997 might also see the 
first automatic Soviet rover on the 
surface of Mars. Originally intended 
as part of the Mars 1994 mission, the 
rover vehicle would roam across the 
red sands of Mars, where it would 
conduct studies of the planet for up to 
five years. While exploring other 
worlds with unmanned rovers is noth¬ 
ing new for the Soviets, as they proved 
on Earth’s Moon with the Lunakhod 1 
and 2 missions from 1970 to 1973, the 
Mars rovers will have to be far more 
sophisticated in order to function well 
on the Red Planet. 

Distance may be the rover’s most 
serious detriment to its mission goals. 
Since radio signals travel at the speed 
of light (300,000 kilometres per sec¬ 
ond, or 186,000 miles per second), a 
round trip message between Earth 
and Mars takes up to 16 minutes. If an 
automatic rover came to the edge of a 
Martian cliff or was blocked by large 
boulders, it might take too long for a 
human controller on Earth to tell the 
rover’s computer “brain” what to do, 
and the result could be a smashed 
vehicle. Mars rovers will need com¬ 
puter guidance which can function au¬ 
tonomously of Earth to be able to rec¬ 
ognize hazards and avoid them. 

The last launch window for Mars in 
the Twentieth Century may see the 
greatest outburst of international 
robotic exploration since the Mars 2-3 
and Mariner 9 missions in 1971-1972. 
The United States has outlined plans 
to send a small armada of spacecraft 
to examine the Red Planet in 1998 
(though the mission may be moved 
back to 2001). Using a series of rovers 
to collect air and soil samples at vari¬ 
ous sites around the planet, the ve¬ 
hicles would deliver the precious ma¬ 


terial to return craft, which would lift off 
from Mars and carry the soil to scien¬ 
tists on Earth. If the rovers failed to 
function properly, the main lander 
would still have the ability to scoop up 
some soil at its touchdown site for 
return to Earth. AFound the same time, 
the Soviets have devised their own 
plans to launch a Mars lander for re¬ 
trieving surface samples. The two na¬ 
tions may cooperate in this project and 
share in the various procedures for 
conducting the sample return, but no 
formal plans have yet been drawn up. 

Humans on Mars 

Humanity’s future plans for our 
neighbouring world grow rather hazy 
at the approach of the 21st Century. 
For decades the Soviet Union and 
United States have talked about send¬ 
ing people to explore and live on the 
Red Planet; however, despite all the 
numerous plans by serious space 
advocates and engineering groups, 
the goal of humans on Mars has yet to 
come to fruition. 

Early in the 1980s, the Soviets were 
quite ambitious about starting Martian 
colonies within forty years, after an ex¬ 
tensive series of unmanned scouting 
missions. Recent economic problems 
in a rapidly changing government and 
society have forced the Soviets to con¬ 
centrate mgch of their finances and 
energies elsewhere. While the idea of 
cosmonauts on Mars has not van¬ 
ished, it no longer holds quite the high 
priority it once did. To keep the pro¬ 
gramme from disappearing, the Sovi¬ 
ets have discussed cooperating on a 
joint manned Mars mission with the 
United States. 

The US may have other ideas, how¬ 
ever. The concept of landing astro¬ 
nauts on Mars, virtually abandoned 
while men were still walking on the 
surface of the Moon, received new life 
on the 20th anniversary of the Apollo 
11 lunar landing. At ceremonies in 
Washington, DC, honouring the astro¬ 
nauts who first journeyed to the lunar 
surface, President George Bush out¬ 
lined the first major US space policy 
since John F. Kennedy announced the 
Apollo missions in 1961. President 
Bush called for NASA to construct and 
activate the first American space sta¬ 
tion in Earth orbit since Skylab, a far 
more sophisticated complex named 
Freedom. This would then lead to 
permanent lunar colonies, followed by 
manned missions to Mars at some 
undetermined time in the next century. 

Grand as this plan is, it left out some 
key details. Unlike Apollo, no specific 
deadline was stated at the time of an¬ 
nouncement, nor was any concrete 
mention of how the projects would be 
conducted or where the vast amounts 
of money which would be needed to 
complete them would come from. Most 
distressing of all, no cooperation with 


the Soviets or any other nation was 
mentioned. The reality of space explo¬ 
ration and colonization is that the fur¬ 
ther we travel and the more complex 
our efforts towards such programmes 
become, the less feasible it will be for 
any single nation to go it alone. 

No one nation has all the resources 
required to settle space without assis¬ 
tance from other countries. While it 
would not be impossible for either the 
Soviet Union nor the United States to 
send several manned expeditions to 
the Red Planet without needing the 
services of the other, further missions 
to Mars will become almost impracti¬ 
cal without cooperation. The long¬ 
term scientific, technological, and 
political benefits both nations would 
receive from such an endeavour 
should far outweigh any immediate na¬ 
tional prestige which going the task 
alone would accomplish. Nations have 
learned to work and live together on 
the forbidding continent of Antarctica 
for years now, in conditions which are 
rather similar to Mars. Existing in 
space demands cooperation in order 
to survive and thrive, just as it does at 
Earth’s most remote regions. 

It is quite conceivable that humans 
will be walking on Mars and even set¬ 
ting up the first permanent colonies 
there by the middle of the 21st Cen¬ 
tury. It cannot be done, however, un¬ 
less the spacefaring nations first so¬ 
lidify and intensify their unmanned 
explorations of the Red Planet. Much 
as we have learned about this world 
since those early probes flew by the 
planet in the first decades of the Space 
Age, they have literally just scratched 
the surface of the only planet in our 
solar system which even comes close 
to resembling our Earth. 

The United States and Soviet Union 
can best begin to learn how to create 
successful joint manned Mars expedi¬ 
tions by sharing their space technol¬ 
ogy and previous experience with the 
variety of new orbiters, aircraft, rov¬ 
ers, and sample return vehicles 
planned for the 1990s and 2000s. 
These unmanned craft will greatly help 
to smooth the way for those first living 
explorers who will follow, not to men¬ 
tion assist science in understanding 
how Earth and Mars both came to be 
and continues to exist. We will also re¬ 
ceive the highest informational return 
if these projects are designed by a va¬ 
riety of experts from all over the world 
working together. 

My spe&ulations on the true intents of the 
Mars 1, Mars 1962A-B, and Zond 2-3 mis¬ 
sions derived from private conversations 
with Andrew J. LePage, of the Boston Group 
for the Study of the Soviet Space Pro¬ 
gramme, Krasnaya Orbita. 

The speculation on the demise of Mars 6 
was relayed to me by Jonathan McDowell 
and is based on a Soviet report. 
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ROSAT 


British Eye in Space 

ROSAT Carries UK Telescope 


The ROSAT Spacecraft 


Originally ROSAT was due for launch 
on the Space Shuttle. However, following 
the Challenger accident it was trans¬ 
ferred to a Delta vehicle. This made nec¬ 
essary a number of design changes. The 
side struts to support the spacecraft in the 
Shuttle payload bay were removed and a 
Delta II adapter cone added. Two of the 
solar panels were redesigned to fold in¬ 
side the rocket’s fairing. The redesign 
process took about a year. Construction 
of new components took another year and 
assembly of ROSAT was completed in 
mid-1988. 

ROSAT is powered by three solar ar¬ 
rays consisting of one fixed panel on the 
central body and two hinged deployable 
panels on either side. The arrays cover a 
total area of about 12 square metres. 
NiCd batteries provide power while the 
spacecraft passes through the Earth’s 
shadow. 

A deployable boom carries the space¬ 
craft’s S-band antenna and magnometer. 
For launch the boom was stowed along 
side the central solar panel. 

The XRT is encased by the square 
shaped central body of the spacecraft. 
Two compartments on both sides of the 
central body house almost all ROSAT’s 
subsystem units. The spacecraft’s atti¬ 
tude is controlled by four reaction wheels. 
Data from the spacecraft instruments is 
processed by Dornier’s Modular Univer- 


Gyro Package 


Solar 

Array 


X-Ray 
T elescope 



Electronic 

Compartment 


S-Band 

Antenna 


sal Data Acquisition and Control System 
(MUDAS) based on an Intel 8086 micro¬ 
processor. Two tape recorders provide 
onboard data storage. 


The West German ROSAT observa¬ 
tory blasted off from Cape Canav¬ 
eral on June 1. In addition to its main 
X-ray telescope, ROSAT carries the 
UK’s Wide Field Camera, developed 
by a consortium led by the Univer¬ 
sity of Leicester. The camera will 
make the first full-sky survey in the 
previously unexplored extreme ul¬ 
traviolet portion of the spectrum. 
Alan Wells, Payload Scientist and 
Project manager for the Wide Field 
Camera reviews the history of the 
project and describes the British in¬ 
strument. 

ROSAT History 

In December 1979 the West Ger¬ 
man Government announced its inten¬ 
tion to go ahead with the ROSAT X-ray 
telescope project. At the same time 
invitations were extended to scientific 
groups throughout Europe to provide 
an auxiliary instrument which would 
enhance the scientific scope of the 
mission. 

The invitation came at a most appro¬ 
priate time for the University of Leices¬ 
ter group. Good progress was being 
made with small rocket-borne tele¬ 
scopes but the extremely brief (five 
minutes) operating time was a severe 
limitation. A satellite-borne experi¬ 
ment was needed. In addition, there 
was increased scientific interest in the 
previously unexplored part of the elec¬ 
tromagnetic spectrum, the extreme 
ultraviolet (XUV) band between 50 and 
250 Angstroms, in which four mysteri¬ 
ous cosmic sources had just been 
discovered on the Apollo-Soyuz mis¬ 
sion. 

The Leicester group realised that if 
one of the small rocket telescope 
experiments could be enlarged and 
mounted alongside the German X-ray 


High-accuracy star trackers developed 
by the UK company Sira are helping to 
ensure that the ROSAT Is correctly 
pointed for its observations. 

The direction in which the spacecraft’s 
instruments are pointing has to be"prScisely 
known to allow the accurate identification of 
subject stars. 

The two star trackers of ROSAT’s atti¬ 
tude and orbit control system (AOCS) are 
each capable of tracking three stars simul¬ 
taneously with an accuracy of 1.7 seconds 
of arc - equivalent to spotting a British ten- 
pence piece at two miles. 

The star trackers were developed by Sira 
in conjunction with the German aerospace 


telescope, the new instrument would 
enable ROSAT to become the world’s 
first observatory with combined cover¬ 
age of both X-ray and XUV bands. In 
addition, the XUV instrument could 
carry out the first-ever survey of the 
sky in this unexplored waveband. 

A scientific proposal detailing this 
idea was readily accepted by the Ger¬ 
mans and in the latter half on 1980 the 


company MBB. The UK company, based in 
Chislehurst, Kent, was responsible for the 
optical head employing a CCD detector. 

In addition, Sira developed and supplied 
the star tracker for the British Wide Field 
Camera. 

The in-orbit checkout and calibration of 
ROSAT is continuing. Sira says the star 
trackers are operating satisfactorily. 

Sira is continuing its collaboration with 
MBB. The two companies are currently 
building another star tracker for the German 
Astro-SPAS satellite and are starting work 
on the development of a low-accuracy star 
sensor system for communications satel¬ 
lites under contract to ESA. 


concept of the new instrument, includ¬ 
ing its optics, sensors, mechanical 
design and electronics were thor¬ 
oughly studied. The scale of the enter¬ 
prise needed widespread support 
from the UK scientific community and 
the technical tasks involved were 
clearly beyond the scope of any single 
research group in the country. With 
leadership vested with the Leicester 
group, scientists from Birmingham 
University, Mullard Space Science 
Laboratory of University College Lon¬ 
don, Imperial College London and the 
Rutherford Appleton Laboratory of the 
Science Research Council (later 
SERC with BNSC) formed an all-Brit¬ 
ish consortium to take part in the 
ROSAT mission and to develop the 
new instrument, now known as the 
Wide Field Camera. 

The planning phase of the project 
was completed by the end of 1981, with 
the WFC design established, division 
of tasks between the consortium 
members agreed and funding by 
SERC approved. The technical inter¬ 
faces between the WFC and the RO¬ 
SAT spacecraft were also designed 


UK Firm Keeps ROSAT On Track 
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ROSAT 



The British Wide Field Camera is installed on the ROSAT spacecraft by technicians at the Kennedy Space Center 


and approved. 

The project plan called for launch of 
ROSAT in October 1987 on the Space 
Shuttle and to meet this date the Flight 
Model of the WFC had to be delivered, 
fully tested and calibrated, to the 
spacecraft contractor, Dornier Sys¬ 
tem GmbH, in June 1987. Before that 
two other models of the WFC had to be 
produced. All structural, mechanical 
and thermal designs had to be proved 
on the Structural/Thermal Model 
(STM) and the electronics and com¬ 
puter software had to be developed 
and tested on an Engineering Model 
(EM). The initial objectives were 
achieved and the EM and STM WFC 
were in Germany, ready for testing on 
the spacecraft, by early 1985. 

■ With the instrument and spacecraft 
proceeding according to plan it was 
time to think again about the scientific 
objectives and how to achieve them. 

It had been decided that following 
the six months all-sky survey, ROSAT 


would be able to operate as a normal 
observatory and point to objects se¬ 
lected by astronomers. The observing 
time will be divided between the na¬ 
tional partners with 50% given to the 
US, 38% to Germany and 12% to Brit¬ 
ain. The whole UK astronomy commu¬ 
nity are entitled to bid for a share of the 
observing time. 

In January 1986, the Space Shuttle 
Challenger exploded shortly after lift¬ 
off from Kennedy Space Center. First 
thoughts were for the victims and their 
families but, as the numbing effects of 
the tragedy receded, the implications 
of the Challenger accident on ROSAT 
began to dawn. Shuttle flights were to 
be reduced in number and be used only 
for missions where manned interven¬ 
tion was essential or where other 
launch vehicles were unsuitable. The 
expendable launch vehicles were 
given a new lease of life as payloads 
were transferred from the Shuttle. 
ROSAT’s US project manager, work¬ 


NASA 

ing from NASA's Goddard Space 
Flight Center, secured a Delta II 
launch vehicle for the observatory. In 
1987 work began to modify ROSAT for 
a Delta launch. The solar panels were 
adapted to fold back within the fairing, 
the spacecraft’s Shuttle support 
struts were removed and a Delta adap¬ 
tor installed. 

UK Wide Field Camera 

The Wide Field Camera (WFC) is a 
telescope which views an area five 
degrees in diameter and images each 
detectable source in the field of view 
with apirefcision of about one arc min¬ 
ute. ItTijrbit. ROSAT will circle the 
Earth every 88 minutes. For the first 
six months the satellite will spin slowly 
at a rate of about one revolution each 
orbit so that it scans a 360 degree band 
of the sky.' Due to the rotation of the 
Earth around the Sun this bamd scans 
round the sky so that in six months the 
two telescopes will cover the whole 
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VISION OF SPACE 

Soar above the red deserts of Mars, marvel at ringed 
Saturn from the craggy surface of one of its moons. Trav¬ 
elling through the Solar System is much easier than you 
thought: simply invest in a 40-slide set of space art avail¬ 
able now. 

This is your chance to own a superb 40-slide collection 
showing the best works of Space Art pioneer Chesley 
Bonestell, a Fellow of the Society. 

“Chesley Bonestell’s pictures,” Wernher von Braun 
once said, “are more than just reproductions of beautiful, 
aethereal paintings of worlds beyond. They present the 
most accurate portrayal of those far-away heavenly 
bodies that modern science can offer.” 

For the incredibly low price of £18 (US$32), including 
P&P and VAT, you will receive 40 slides showing the 
golden age of Bonestell from the late 1940’s to the 1960’s, 
in their own presentation' box, together with a cassette 
tape describing the pictures. 

Pictures presented include: “Lunar Landscape,” 
“Moon Landing,” “Eclipse of Sun by Earth,” “Creation of 
the Moon’s Mare imbriumjl_“The Planet Saturn,” “Recov¬ 
erable Winged Shuttle Vehicle,” “Baby Space Station,” 
’The Planet Mars” and rrfeny more. 

These pictures are now collector’s items, so only a 
small number are available. 

To be sure of your set send your order and remittance 
now to: The British Interplanetary Society, 27/29 South 
Lambeth Road, London SW8 1SZ. We will dispatch your 
slide set and cassette immediately while stocks last. 


sky, recording the position, bright¬ 
ness and energy distribution of each 
of the sources detected. 

The sensitivity of the Wide Field 
Camera is such that 5,000 or more new 
XUV sources may be discovered. 

The concept of the telescope is 
. simple. Three concentric XUV mirrors 
focus each XUV photon collected by 
the mirrors on to a detector which 
determines the position of the event. 
Filters placed in front of the detector 
are used to select different wave¬ 
bands and allow the energy of de¬ 
tected XUV photons to be measured. 
A star tracker gives information on 
where the telescope is pointing to 
determine the position of the event. 
The detector’signals are then proc¬ 
essed electronically and transferred 
to an on-board tape recorder for later 
transmission as the spacecraft 
passes over its ground station. 

Data from ROSAT will be returned 
to the UK by a four stage process. All 
ROSAT data is first received at the 
German Space Operations Centre 
(GSOC) at Oberpfaffenhofen in Bav¬ 
aria. From there the UK’s data is sent 
to the WFC Quick-Look facility, lo¬ 
cated in Munich, where UK duty scien¬ 
tists will analyse samples of data to 
check that the instrument is working 
correctly and respond rapidly to new 
scientific discoveries that might be 
found. The data is then sent to the 
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national data centre at RAL where it 
will be processed and distributed to 
the scientists working in the five con¬ 
sortium institutes for rapid analysis. A 
final analysis of the complete XUV Sky 
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Survey will be coordinated at the na¬ 
tional survey centre for ROSAT at 
Leicester, where analysis facilities for 
guest observers are also being pro¬ 
vided. 
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290 INTERNATIONAL SPACE REPORT 

This month’s comprehensive report of space news from around the world including Satellite 
Digest 

296 SPACE STATION UPDATE 

NASA has revealed that the current design for Space Station Freedom is over-weight, 
drawing too much power and requires an unacceptable amount of space walks to maintain 
it 

298 ATLAS GOES COMMERCIAL 

General Dynamics is celebrating the first commercial launch of its Atlas I booster. The 
company successfully placed the Combined Release and Radiation Effects Satellite into 
geostationary transfer orbit for NASA and the US Air Force. 

306 FIXING THE SHUTTLE 

NASA believes it has found the cause of the liquid hydrogen leaks on the Space Shuttle's 
Columbia and Atlantis. 

309 ASTRO MISSION NOW SET FOR 
SEPTEMBER 

The Space Shuttle Columbia is now set for launch with the Astro observatory in early 
September. The mission will spend nine to ten days observing the sky in the ultraviolet and 
X-ray wavelengths. 

311 MIR MISSION REPORT 

Neville Kidger presents his latest report on the activities aboard the Soviet Union's Mir 
space station. 

314 NASA FACES SECOND RTG BATTLE 

US anti-nuclear groups will attempt to block the October launch of Jhe Ulysses probe 
because of the spacecraft's nuclear power source. Spaceflight takes a look at the 
Radioisotope Thermoelectric Generator (RTG) at the centre of this controversy. 

318 ANNUAL REPORT OF THE BRITISH 
INTERPLANETARY SOCIETY 

The President of the British Interplanetary Society reports a successful year. 


323 SOCIETY NEWS 


FRONT COVER: Columbia is rolled out of the Vehicle Assembly Building in preparation for its launch 
on STS-35. Steven Young 
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Magellan Arrives At Venus 


The US Magellan probe entered 
orbit around Venus on August 10 
after a 15 month journey from 
Earth. During its mission the 
spacecraft will map the majority of 
planet’s surface in great detail. 

The Magellan probe was launched 
by the Space Shuttle Atlantis on May 
4, 1989. An IUS upper stage booster 
provided the energy to send the space¬ 
craft on its way to Venus. The probe 
followed a Type IV trajectory that took 
the spacecraft one and one-half times 
around the Sun before arriving at 
Venus. 

Magellan’s STAR 48 solid rocket 
motor fired at 18:00 BST on August 10 
to place the probe into a near polar 
orbit around Venus. It seems the mo¬ 
tor may have slightly under-performed 
but this should have little effect on the 
mission. The spacecraft’s planned 
elliptical orbit was to take it as far as 
8,029 km from the planet and as close 
as 250 km. The probe was expected to 
complete one orbit every three hours 
and nine minutes. 

Following the orbital insertion, con¬ 
trollers at the Jet Propulsion Labora¬ 
tory, will spend 18 days checking out 
the spacecraft. The mapping mission 
will then begin, lasting 243 Earth days, 
the equivalent of one Venus day. 

Using its Synthetic Aperture Radar 
(SAR) Magellan will examine the sur¬ 
face of Venus in ten times more detail 
than past Soviet probes and 100 times 
better than the last US spacecraft to 
study the planet. Magellan will acquire 
more imaging data than all previous 
US planetary missions combined. The 
spacecraft’s high-resolution radar will 
reveal surface features as small as 
250 to 300 metres. The altimeter will 
determine the elevation of the surface 
with an accuracy of about 30 metres. 
Magellan will map about 90% of the 



Magellan Spacecraft Model 

planet's surface by the end of the 243 
day primary mission. If enough propel¬ 
lant remains the mission will be ex¬ 
tended. Engineers hope the space- 


New Deal Could Save Juno 


The Anglo-Soviet space mission, 
Juno, could be saved by a new rescue 
package currently being drawn up. The 
mission has been In financial difficul¬ 
ties since the Moscow Narodny Bank, 
who were underwriting the project, 
pulled out In March. . 

According to Juno Science Director 
Heinz Wolff, an as yet unnamed company 
is interested in underwriting the mission. 
The company would like to build a Young 
Cosmonauts Centre and a technology 
park near mission control in Kaliningrad. 

The company wishes to become in¬ 
volved in Juno as a good will gesture to 


the Soviets. Juno, which has consider¬ 
able experience in space education, will 
assist the company with the Young Cos¬ 
monauts project. 

Before the new deal can go-ahead Juno 
and the prospective underwriter will meet 
with Soviet space officials from the Ener- 
gia Design bureau to hammer out an new 
contract. 

Meanwhile, Juno astronauts Tim Mace 
and Helen Sharman completed the first 
stage of their training at Star City at the 
end of July. They will return to the Soviet 
Union in September to begin general crew 
training. 


craft will operate up to six or nine 243 
day cycles. This would provide com¬ 
plete coverage of the planet and ste¬ 
reo images of the surface. 


Atlantis Damaged by Hail 

The Space Shuttle Atlantis was dam¬ 
aged by hall on August 10 while It was 
parked outside the Vehicle Assembly 
Building waiting to be rolled Inside. 
Columbia which was rolled out of the 
VAB the previous day was enclosed In 
the weather protection system at pad 
39A and was not damaged by the storm. 

According to NASA spokesman Bruce 
Buckingham technicians have identified 90 
‘dings’ in the tiles’ surface. All could be re¬ 
paired and no tiles would required replace¬ 
ment he said. 

The Shuttle was rolled into the safety 
of the VAB on the evening of August 10. It 
had been parked outside the building 
awaiting the rollout of Columbia. (See 
p.308 for Shuttle Update.) 
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Ariane 
is Back 


Arlanespace returned to the launch 
business on July 24 when an Ariane 
4 successfully placed two satellites 
Into a geostationary transfer orbit 
The Ariane launch came five 
months after two Japanese satel¬ 
lites were destroyed when their 
Ariane launcher exploded 41 sec¬ 
onds after lift-off. Since then, the 
European consortium has made a 
number of changes to prevent a 
similar accident occurring again. 

Ariane V37 blasted off from launch 
pad ELA-2 at the Guiana Space Centre 
at Kourou at 22:25 GMT. The vehicle 
was an Ariane 44L, Europe’s most 
powerful launcher. The 58 metre high 
rocket is equipped with four strap-on 
liquid propellant boosters and has a 
payload capability of 4,200 kg. The 
Ariane 4 successfully placed TDF-2 
and DFS Kopernikus 2 into geostation¬ 
ary transfer orbit 17 minutes 53 sec¬ 
onds after blast-off. 

TDF-2 is a high power direct broad¬ 
casting satellite built by Eurosatellite, 
a consortium led by Aerospatiale. 
From its position in geostationary orbit 
at 19 degrees west, the satellite will 
provide France with five television 
channels. Viewers wilf be able to re¬ 
ceive the satellite’s transmissions 
with reception dishes as small as 40 
centimetres across. 

DFS Kopernikus 2 is an 11 channel 
multipurpose telecommunications 
satellite built by the German consor¬ 
tium R-DFS for the Deutsche Bunde- 
spost TELEKOM. Positioned at 28.5 
degrees east, the satellite covers 
West Germany and Berlin. The satel¬ 
lite joins the DFS Kopernikus 1 satel¬ 
lite launched by Ariane in June last 
year. 

The investigation into the loss of 
V36 revealed that a first stage engine 
lost thrust because a small piece of 
cloth blocked a water pipe. In an un¬ 
connected Incident a small fire broke 
out in one of the strap-on liquid boost¬ 
ers due to a fuel leak. 


-V’- ' 



Ariane V37 blasts-off from launch pad ELA-2 at the Guiana Space Centre at Kourou at 2225 GMT on 
July 24. Arianespace 


From flight V37, the water line and 
the N204 feed line of each engine will 
be examined. The inspection will take 
place at Kourou, using a fibroscope 
type video camera with integrated 
light source. This camera can be in¬ 
serted into the lines with minimal 
removal of connections. The inspec¬ 
tion will be carried out in real time us¬ 
ing a video screen. Recordings will 
also be made. 

Additional leak checks were made 


on the first stage and strap-on fuel 
lines to ensure there was no repeat of 
the fire on the previous mission. Also, 
new thermal protection inside the 
propulsion bays of the first stage and 
strap-ons will protect electrical sys¬ 
tems in the event of a fire. 

August 30 is the target date for the 
next Ariane launch carrying the British 
Skynet 4C military communications 
satellite and the EUTELSAT 2-F1 
spacecraft. 


GEC Ferranti to Supply Gyro Packages for US Superbird Satellite 


The Navigation Systems Division of GEC Ferranti Defence Systems based at Sll- 
verknowes Iff Edinburgh has been awarded a contract by Ford Aerospace of Palo 
Alto, California to supply gyro packages for the Superbird satellite programme. 


These high performance gyro pack¬ 
ages are to be used as rate and attitude 
sensors within the attitude and orbit con¬ 
trol systems of the Superbird telecommu¬ 
nication satellite being manufactured by 


Ford Aerospace for the Space Communi¬ 
cations Corporation of Japan. 

GEC Ferranti is already supplying 
similar gyro packages to Ford Aerospace 
for their INTELSAT VII series of satel¬ 


lites. 

The Superbird equipment is the latest 
design in a range of gyro packages which 
GEC Ferranti has designed for various 
satellite programmes including Miranda, 
IRAS, EXOSAT, Olympus, ROSAT and 
ISO and also for the Instrument Pointing 
System (IPS) for Spacelab which will fly 
on STS-35 in September. 
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NASA's B-52 aircraft comes to a stop at Edwards Air Force Base during a test of the Space Shuttle drag 
chute system. 


NASA 


Shuttle Drag Chute Test 
Glides to Success 


Spacehab 
Signs Payload 
Contracts 

Spacehab Inc. of Washlngtoi , DC., re¬ 
cently signed three contracts to carry 
nine mlddeck-class experiment pay- 
loads aboard the Space Shuttle In the 
company’s commercial middeck aug¬ 
mentation module. 

The three new contracts, with a com¬ 
bined value exceeding S11.8 million, 
were signed with the government of 
Canada, Virginia’s Center for Innovative 
Technology and the Spaceport Florida 
Authority. 

The Canadian Space Agency will spon¬ 
sor materials science or life science 
experiments to fly on the fourth Spacehab 
mission, currently' manifested for Octo¬ 
ber 1993. Canada has reserved one 
locker to accommodate the experiments 
and will be issuing an announcement of 
opportunity soliciting experiment pro¬ 
posals from Canadian investigators. 

Virginia's Center for Innovative Tech¬ 
nology has contracted for two lockers on 
the October 1993 flight on behalf of the 
Virginia Space Development Consor¬ 
tium, a partnership of corporations and 
universities developed to expand com¬ 
mercial space opportunities. 

The Spaceport Florida Authority, an 
agency created to develop facilities and 
programmes to promote and support the 
growth of Florida's space industry, has 
signed agreements with Spacehab for a 
total of six lockers. Two are manifested 
for launch of Spacehab’s first mission 
currently scheduled for September 1992. 

The middeck augmentation modules 
will expand the Shuttle’s capability to 
support astronaut-tended research and 
development of space. The modules will 
fly in the forward portion of the Shuttle’s 
cargo bay. 

NASA is currently reviewing and ana¬ 
lyzing a Spacehab proposal that could 
lead to contract negotiations that would 
provide the agency with an equivalent of 
200 middeck lockers. That space would 
be used to fly payloads developed by the 
Centers for Commercial Development of 
Space and organizations working with 
NASA under joint endeavour agree¬ 
ments. Any remaining module capacity is 
being offered worldwide on a commercial 
basis. 


McDonnell Douglas 
Wins Cape Contract 

The Kennedy Space Center division of 
McDonnell Douglas Space Systems Com¬ 
pany (MDSSC-KSC) has won a bid for the 
Launch Operations Support Contract at 
Cape Canaveral Air Force Station. Under 
the contract the company will provide pay- 
load processing support for expendable 
launch vehicles, additional security, facili¬ 
ties management and communications net¬ 
work operations support. 


The first test of the Space Shuttle otbHer 
drag parachute system at Edwards Air 
Force Base on July 20 was a total suc¬ 
cess, according to the project engineer. 

Once certified, the cfrag chute system will 
be incorporated into the Shuttle fleet to help 
reduce tire and brake war during landing 
and rollout. 

“The test was a complete success,” 
said George Dawson, drag chute project 
engineer. “The actual deployment se¬ 
quence was fantastic." 

The tests are part of NASA's ongoing ef¬ 
fort to upgrade dberationai capabilities and 
flight safety of the Shuttle fleet The drag 
chute system is designed to supplement the 
normal system of brakes and help slow the 
vehicle’s speed after landing. 

The test on July 20 was the first of eight 
designed to certify the chute for use on the 
four Space Shuttle orbiters. 

Endeavour, presently under construc¬ 
tion at Rockwell International’s Palmdale, 


Vice President Dan Quayle has formed a 
committee to study the future of the US 
space programme. 

Quayle, acting upon the recommenda¬ 
tion of NASA Administrator Richard Truly, 
appointed Norman Augustine, chairman of 
the panel. Augustine, chairman and chief 
executive officer of Martin Marietta, will 
lead the group officially titled 'Advisory 
Committee on the Future of the US Space 
Program’. 

The committee will advise the NASA 
Administrator on overall approaches NASA 
management can use to implement the 
space programme for the coming decades, 
according to the announcement from the 
Vice President’s office. 

The group’s task statement calls for 
committee members to assess alternative 
approaches and make recommendations 
for civil space goals including such factors 
as appropriateness of planned activities, 
organizational balance and structure, ade¬ 
quacy of overall skill base of work force, 
balance between roles of government and 


California, facility, will have the drag chute 
system incorporated into the vehicle. The 
remaining three orbiters will be modified 
with the drag chute during normal structural 
inspection periods. 

Dawson said the series of tests using the 
NASA B-52 test aircraft will continue at one 
to two-week intervals until the certification 
programme is completed and the data have 
been fully evaluated. 

“Everything really worked well and the 
entire team effort was the reason,” he 
said. 

All tests will use the B-52 aircraft piloted 
by former astronaut Gordon Fullerton. Each 
separate test will use different drag chute 
deployment speeds, ranging from 140 to 
200 knots. Typical orbiter landing speeds 
range from 180 to 225 knots. * 

The drag chute test programme is man¬ 
aged by the Johnson Space Centre. Rock¬ 
well designed the drag chute system and 
Irvin Industries of Santa Ana, California, 
designed the parachute. 


private sector, possible contributions by 
other government agencies, the need to 
maintain a strong research and develop¬ 
ment capability and assurance of mission 
success, the announcement said. 

The committee will report its findings 
within four months. Other members of the 
12-person committee will be appointed 
soon. 

Augustine has had a ‘long and distin¬ 
guished career in the aerospace industry, 
government and the engineering profes¬ 
sion,’ according to the announcement from 
the Vice President’s office. He began his 
career with the Douglas Aircraft Company 
in 1958, eventually serving as chief engi¬ 
neer. Since then he has served in the Office 
of the Secretary of Defense, worked with 
LTV Missiles and Space Company as Vice 
President for Advanced Programs and 
Marketing, became Assistant Secretary of 
the Army and, in 1975, served as Under¬ 
secretary of the Army. He joined Martin 
Marietta in 1977 and has held his present 
position since 1987. 


Quayle Announces Review 
of US Space Programme 
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Class of ’90 Begins year of Training 


INTERNATIONAL SPACE REPORT 


Twenty-three astronauts candi¬ 
dates reported to the Johnson 
Space Center In late-July to begin a 
year long training and evaluation 
period. 

The reinforcements are a welcome 
relief as NASA resumes Shuttle flight 
operations with an active schedule 
ahead, according to Chief Astronaut 
Dan Brandenstein. Since the last se¬ 
lection, three years ago, the astronaut 
roster has dwindled from 98 to 84. 

At an informal reception to intro¬ 
duce the candidates to news media, 
Brandenstein called them his “Exced- 
rin group". 

‘These guys are going to relieve a 
lot of my headaches,” he said. 

Selected from nearly 2,000 quali¬ 
fied applicants earlier this year, the 
group consists of seven pilot and 16 
mission specialist candidates. Among 
five women selected are three military 
officers, including the fir$t woman to 
be named as a pilot candidate, and the 
first Hispanic woman to be selected. 
There are 11 civilians and 12 military 
officers total. 

After being introduced by their new 
boss, the candidates mingled and 


Chief Astronaut Dan Branderstein with the astro¬ 
naut class of 1990. NASA 

talked with national and local news 
correspondents about joining the 
ranks of the astronaut corps, particu¬ 
larly at a time when NASA has come 
under fire both in the Congress and in 
the press. 


Enthusiasm and confidence in the 
agency was evident as many of the 
candidates spoke of mankind's need 
to go to space and their own ambitions 
to be a part of that. 

While their first week on the job con¬ 
sisted primarily of orientation briefings 
and tours, they also received altitude 
chamber training as a prerequisite to T- 
38 flight training whichwas due to begins 
in their second week. 

The next several months will consist of 
intensive instruction in the fundamentals 
of aerodynamics, electronics and com¬ 
puters, as well as in shuttle systems and 
operations. Several trips are planned to 
other NASA field centres for briefings and 
tours, as well as for water and wilderness 
survival training. 

Training as pilot candidates are Kenneth 
0. Cockrell, Eileen Collins, William G. Gre¬ 
gory, James D. Halsell, Charles J. Precourt, 
Richard A. Searfoss and Terrence W. 
Wilcutt. 

Mission specialist candidates are Daniel 
W. Bursch, Leroy Chiao, Michael R.U. Clif¬ 
ford, Bernard A. Harris Jr., Susan J. Helms, 
Thomas D. Jones, William S. McArthur Jr., 
James H. Newman, Ellen Ochoa, Ronald M. 
Sega, Nancy J. Sherlock, Donald A. Tho¬ 
mas, Janice E. Voss, Carl E. Walz, Peter 
J.K. Wisoff and David A. Wolf. 


EUROPE: STEPPING STONES TO SPACE 


By Beatrice Lacoste 

This important book coincides with the 25th anniversary of Europe’s immensely 
successful adventure into space. Itfeatures first hand accounts of the European 
Space Agency’s activities, taken from news stories written during or just after the 
events they describe by Beatrice Lacoste the editor of ESA’s Press Section. With 
170 pages and 56 illustrations this book provides a freshness of style that is both 
illuminating and essential reading for anyone who feels that space is tomorrow's 
version of the new world. 


Today government and industry understand that intergovernmental and interdisci¬ 
plinary team work is essential to succeed in the exploration and exploitation of 
space. This book underlines the major contribution made by Europe to space 
development and points to the future with regard not only to knowledge but 
successful new business opportunities. 


To be published in October by ORBIC Ltd, PO Box No. 48, Faversham, Kent ME 13 0LJ. 
Registered No. 2261439. VAT Registration 491 175927. 

fTlease send me.book(s) @ £10. 95 + £1. 20 post and packaging per copy. 

| Name. 

| Address. 

. :.Post code. 

' I enclose cheque/p.o. for.payable to ORBIC Ltd. 

I or charge my Barclay/Visa/Mastercard with £. 

I Card No. I I F 7 1 I T f F 1 I' T I 1 I I 1 

I Expiry Date.Name on card. 


j I would like to receive an application form for one of the free visits to Kourou □ ^ 

| Send to ORBIC Limited, PO Box NO. 48, Faveisham, Kent ME 13 OLI, United Kingdom, j 
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Hubble Investigation Underway 

Secrecy Stopped Proper Checks 


INTERNATIONAL SPACE REPORT 


The Investigation into the Hubble 
Space Telescope’s misshaped mir¬ 
ror is underway. In addition to 
NASA’s official Inquiry into the 
problem, present and former space 
agency employees have given evi¬ 
dence before the US Congress. 
From the early reports it seems 
NASA was unable to fully oversee 
the manufacture of Hubble’s opti¬ 
cal assembly at Perkln-Eimer’s 
Danbury plant. The Department of 
Defense (DoD) allowed only a few 
NASA employees to monitor the 
manufacturing process because 
Perkln-Eimer was Involved In clas¬ 
sified work. 

Former NASA Administrator James 
Beggs, told the Senate appropriations 
subcommittee that only three or four 
NASA officials were allowed into 
Perkin-Elmer’s plant to oversee the 
manufacture of the 2.4 metre primary 
mirror and 30 centimetre secondary 
mirror. 

“That was far to few,” he said. 

Apparently only a selected few 
NASA employees were allowed into 
the plant because Perkin-Eimer is also 
responsible for the manufacture of 
optics for US reconnaissance satel¬ 
lites. The DoD considered it a security 
risk to have too many NASA personnel 
at the plant. 

"We were not allowed to operate in 
a way we normally operate,” Beggs 
told tne subcommittee. He went on to 
say that NASA was assured there had 
been adequate quality control and 
testing. 

In 1989 Perkin-Eimer rain into finan¬ 
cial difficulties and was acquired by 
Hughes. The company was renamed 
Hughes Danbury Optical Systems 
(DOS). 

During hearings held by Senator Al¬ 
bert Gore it was revealed that East¬ 
man Kodak had put in a bid to build the 
Hubble mirrors that included a final 
assembly test to check the mirrors 
were performing as planned. Gore 
said the facilities for the planned test 
would have cost $10 million to con¬ 
struct. However, Kodak lost the con¬ 
tract to Perkin-Eimer which was not 
planning any tests of the mirrors as a 
pair. 

NASA’s Hubble Investigation Board 
meet for the first time on July 5 and 6 in 
Washington DC. After introductory re¬ 
marks by Dr Lennard A. Fisk, Associ¬ 
ate Administrator for Space Science 
and Applications, Dr Lew Allen, JPL 
Director and Board chairman, and 
Gary Tesch, Counsel, the Board heard 
presentations from NASA’s Marshall 


The Hubble Space Telescope is released from the Shuttle's robot arm in this frame of film recvorded 
by an IMAX camera. NASA/Smithsonian Institution/Lockheed Corporation 


Space Flight Center (MSFC) and 
Hughes DOS officials. 

The MSFC personnel summarized 
the current status of the Hubble Space 
Telescope (HST) and the Hughes DOS 
representatives gave an overview of 
the manufacture and test procedures 
for the HST primary and secondary 
mirrors. 

The Board of Investigation met for a 
second time on July 25 and 26 at the 
Hughes DOS plant in Danbury, Con¬ 
necticut. The Board was joined by 
Robin Laurance, ESA Space Tele¬ 
scope Project Manager, who will act as 
an observer. 

Members of the Board interviewed 
current and former Hughes DOS em¬ 
ployees involved in the design, manu¬ 
facture and testing of the HST Optical 
Telescope Assembly (OTA) primary 
and secondary mirrors. The individu¬ 
als interviewed provided a great deal 
of information about this period. The 
Board also received data from engi¬ 
neering log books, documentation of 


various contractor procedures and 
copies of results from tests and analy¬ 
ses. 

Members of the Board visited the ar¬ 
eas where the mirrors were manufac¬ 
tured and tested, and viewed the 
equipment used during these proc¬ 
esses, key items which have remained 
intact since they were used for the 
mirrors. 

The Board is focusing its attention 
on the equipment and has defined 
measurements of it to be made. Be¬ 
cause the equipment is just as it was 
during the period of manufacture, the 
Board is optimistic that definitive re¬ 
sults will be obtained that will identify 
the source of the error. 

The Board discussed at length a test 
programme that will examine the vari¬ 
ous equipment, tools and reference 
devices used for the OTA mirrors. 

As this issue of Spaceflight went to 
press the next meeting of the Board of 
Investigation was planned for August 
15 and 16 at Hughes DOS. 
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SPACE STATION UPDATE 


Space Station Programme Faces 
EVA, Weight and Power Problems 



Astronaut Jay Apt tests a mechanical version of the Crew and Equipment Translation Aid (CETA) in the 
Johnson Space Center's water tank. The device will be tested in orbit during Shuttle mission STS-37, 
scheduled for early next year. The CETA is designed to reduce the time and effort it takes a spacewalk¬ 
ing astronaut to reach his or her work point on the 400-foot long truss of Space Station Freedom. CETA 
could be instrumental in reducing the number of spacewaks required to maintain the international space 
station. NASA 


NASA has revealed that the cur¬ 
rent design for Space Station Free¬ 
dom is over-weight, drawing too 
much power and requires an unac¬ 
ceptable amount of Extravehicu¬ 
lar Activity (EVA) to maintain it 
However, the space agency claims 
these problems are to be expected 
during the design phase of any 
major space project These latest 
problems to hit Freedom are a fur¬ 
ther embarrassment for NASA 
during a difficult period 

The Freedom Space Station is cur¬ 
rently in ‘Phase C’ a design stage 
which will lead to a final configuration. 
In 1992 the Critical Design Review will 
‘freeze’ the design of the station and 
manufacture of space station hard¬ 
ware will begin. The first Freedom 
element is scheduled for launch in 
early 1995 and completion is set for 
1999. 

However, recent studies have 
thrown the current design of the space 
station into question. Some members 
of Congress are calling for the station 
to be redesigned or for its cancellation. 

A seven-month scrutiny of exterior 
housekeeping required aboard Space 
Station Freedom found an average of 
more than five spacewalks per week 
will be needed to keep the station in 
shape and has led to a list of 100 rec¬ 
ommended actions that can reduce 
the amount of maintenance. The Ex¬ 
ternal Maintenance Task Team was 
co-chaired by Dr Bill Fisher, an astro¬ 
naut and Charles Price, Chief of the 
Johnson Space Center’s Robotic 
Systems Development Branch. 

The. Fisher-Price Team, as it has be¬ 
come known, published its findings in 
late July. The report said almost 3,300 
hours per year of spacewalks would be 
needed to maintain Freedom as it is 
currently designed and planned to 
operate, even in the years prior to its 
manning and completed construction. 

However, by increasing the amount 
of maintenance that can be done with 
robots and streamlining the tedium of 
human repairs, the number of space- 
walks per week may be reduced to one, 
the study determined. 

In tandem with the Fisher-Price 
study, the results of a review by an 
External Maintenance Solutions 
Team, led by Bill Simon, deputy man¬ 
ager of the Space Station Projects 
Integration Office at JSC, were pre¬ 
sented. The solutions team made an 
independent review of the spacewalk 
time that would be required and, using 


many of the Fisher-Price recommen¬ 
dations, searched for-ways to reduce 
maintenance time. 

The solutions team's findings 
agreed with the Fisher-Price report 
that the projected 3,500 spacewalking 
hours per year may be reduced to 
below 500 per year by implementing 
the recommendations. 

Although the changes recom¬ 
mended by Fisher-Price and followed 
up on by the solutions team can reduce 
the amount of annual spacewalk time 
in the years after the station is built, 
problems remain in dealing with the 
amount of maintenance required for 
the time Freedom’s parts are as¬ 
sembled in orbit. 

The study showed more than 940 
maintenance tasks would be needed 
in the 30 months prior to the station’s 
permanent manning. 

“We think that is the most significant 
finding of our study,” Fisher said, “and 
it’s the largest challenge Space Sta¬ 
tion Freedom now faces.” 

Kohrs said the solutions team has 
not yet looked at reducing mainte¬ 


nance required during the assembly. 

Major recommendations include: 

■ Develop a logistics plan to provide 
spare orbital replacement units (ORUs) - 
a generic name for anything from light 
bulbs to television cameras to thermal 
blankets that must be replaced when they 
break - onboard Freedom. The spares 
would be on hand at the expected break¬ 
ing time for various units and could be 
used in a programme of preventive main¬ 
tenance. 

■ Treat the station overall with a “fa¬ 
cility approach” rather than a “mission 
approach”. Such procedures would 
include not replacing some non-criti- 
cal items that break and scheduling 
maintenance stand-downs when the 
station would be devoted to spring 
cleaning or refurbishing above ail 
else. 

■ Make all ORUs compatible for either 
robots to change them or for replacement 
to be done by hand. 

■ Decrease spacewaiking “overhead," 
the five hours of time spent getting the 
crew, tools and ORUs to and from the 
work site in order to perform one hour of 
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SPACE STATION UPDATE 


SPACE STATION FREEDOM WEIGHT/POWER BUDGET 

Weight and power consumption figures for Space Station Freedom major work packages managed 
by the Johnson Space Center, Marshall Space Flight Center and the Lewis Research Center. 
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work in space. The report includes sev¬ 
eral recommendation to this effect, in¬ 
cluding separate sets of tools and trans¬ 
portation so two astronauts can do inde¬ 
pendent tasks; requiring that all ORUs be 
replaceable by a single crew member in 
one hour or less, with rare exceptions; 
and making shapes and connections as 
similar as possible. 

■ Implement an onboard collision avoid¬ 
ance system in the station's robots and a 
ground control capability for those ro¬ 
bots. Collision avoidance would speed 
the accomplishment of a maintenance 
task using a manipulator by giving the 
robot an internal map of the work area, 
allowing it to know where it is and what it 
should and should not touch on its own. 
Ground control would allow flight control¬ 
lers to remotely perform some mainte¬ 
nance tasks independent of the crew. 

“We will probably implement a major¬ 
ity of the recommendations,” Richard 
Kohrs, deputy associate administrator 
and programme director for Space Sta¬ 
tion Freedom, said. 

The spacewalk crisis is compounded 
by last year’s cancellation of the ad¬ 
vanced space suit for Freedom. The new 
suit was to have been highly reliable, 
requiring little maintenance and more 
comfortable than the current suits. The 
suit was designed to be put on and taken 
off in just a few seconds. The new suit was 
to have an internal pressure of at least 8.3 
psi which would have eliminated the pos¬ 
sibility of the bends. 

However, last year’s budget cuts 
forced NASA to abandon the new suit 
design and to use the existing Space 
Shuttle suits for Freedom construction 
and maintenance. Using the Space 
Shuttle suit severely limits space station 


EVAs. Because spacewalks could only 
be made when a Space Shuttle was 
docked. 

Power & Weight Exceed Design Limits 

According to NASA figures, released in 
July, the Space Station is over weight by 
more than 110,000 lb, which exceeds the 
target by about 20 percent. This is an 
improvement over the June figure which 
was 144,000 lb more than expected. The 
space agency says it has been able to re¬ 
duce the weight since June by including 
more light-weight materials in its design. 
For example Inconel alloy could replace 
stainless steel in some of the station's 
storage tanks. 

With its current design Space Station 
Freedom would be unable to provide 
power for its full science programme. 

A series of eight solar arrays, mounted 
on the main truss, are designed to provide 
37.5 kW initially, increasing to 75 kW 
when the station becomes operational. 
Each 34 by 108 foot array consists of two 
blanket assemblies, each covered with 
14,592 solar cells. 

Of the 75 kW total power, 45 kW has 
been allocated for the space station’s 
onboard systems. The remainder will be 
used for the scientific experiments in the 
station’s three laboratory modules. How¬ 
ever, the latest Freedom designs would 
require 56 kW, leaving 19 kW for science 
users. In June the power consumption for 
the station’s onboard systems peaked at 
61 kW. On the brighter side the latest 
design for the solar array may provide an 
additional 2-4 kW of power. 

Another Redesign? 

The combination of EVA, weight and 
power problems may prompt another re- 


evaluation of the Freedom design. Any 
move to change the space station design 
would anger the international partners, 
already unhappy about the way they were 
treated during last year's ‘descoping’ 
exercise. 

Reducing the station’s weight by using 
more lightweight materials will increase 
costs. Freedom already faces a budget 
cut of $195 million in 1991. But, if the 
space station weight remains at the pres¬ 
ent level there will have to be more Space 
Shuttle assembly missions, pushing up 
costs and putting further pressure on the 
already over stretched Shuttle. 

Reducing the station's power con¬ 
sumption may be achieved by eliminating 
some luxuries in the living quarters and 
running some less essential equipment at 
different hours. 

Speaking on the EVA problem Dr 
Fisher said: 

“I do anticipate there are going to have 
to be some changes in design. But no one 
in his right mind expected the design to 
be frozen at this point.” 

Richard Kohrs said he is not surprised 
by the extensive spacewalks found in the 
studies. 

“In my programme experience, with 
these studies, when you really dig into 
them the first month or so, the numbers 
really go up. Then you start the detailed 
assessment, the ‘What can I do to im¬ 
prove this,’ and the numbers come down. 
We're finding that in the EVA study here, 
and we're also finding that in the weight 
and power scrubs we have under way in 
space station,” Kohrs said. “We got the 
same effect in the Shuttle Program, the 
same effect in the Apollo Program. At this 
point, about five years from launch, it isn’t 
surprising." 
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ATLAS GOES COMMERCIAL 


ATLAS 

GOES COMMERCIAL 



General Dynamics is celebrating the first commercial launch 
of its Atlas I vehicle. The company, successfully placed the 
Combined Release and Radiation Effects Satellite (CRRES) 
into a geostationary transfer orbit for NASA and the US Air 
Force. The Atlas vehicle has emerged as the most success¬ 
ful US entrant in the world launch market General Dynamics 
has 60 Atlas vehicles in production for military and commer¬ 
cial use. It expects to achieve a flight rate of eight per year. 


First launched over 30 years 
ago, the Atlas has a proud his¬ 
tory. The Atlas stage was de¬ 
veloped in the late 1950s as the 
first US intercontinental ballis¬ 
tic missile. It went on to launch 
America’s first manned orbital 
missions.and probes to the 
planets Mercury, Venus, Mars, 
Jupiter and Saturn. The vehicle 
also launched the. unmanned 
Surveyor spacecraft to explore 
the Moon. In 1962 Atlas was 


combined with the powerful 
Centaur upper-stage and the 
Atlas-Centaur was born. The 
Centaur - also manufactured 
by General Dynamics - was the 
first US liquid hydrogen/liquid 
oxygen rocket stage. Since the 
first launch in May 1962, the At¬ 
las-Centaur combination has 
made 69 launches of which 
90% of its operational flights 
have been successful. 

General Dynamics realised 


CENTAUR 


FAR LEFT: The first Atlas I 
blasts off from Complex 368 at 
Cape Canaveral on July 25. 
LEFT: The payload for the first 
commercial Atlas, CRRES, is 
pictured in the Payload Hazard¬ 
ous Servicing Facility before in- 
stalation in the Atlas fairing. 
ABOVE: The payload shroud 
containing the CRRES satellite 
is lifted into position atop the 
Atlas I launch vehicle. 

NASA 
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General Dynamics employees inspect the hydraulic pump on an Atlas booster’s sustainer engine. 


Insurance Package 

In February 1989 General Dynam¬ 
ics concluded two agreements with a 
consortium of European underwriters 
led by Lloyd’s of London to provide 
insurance for the first 15 Atlas 
launches. 

‘There are two types of insurance 
that we offer our customers,” said 
Dunbar. “The customer has to choose 
between a reflight or a refund of the 
cost of the launch. For customers who 
desire it, it can also cover replacement 
of the satellite in the event of a launch 
failure." 

According to Dunbar, the advan¬ 
tage of the insurance package is that 
General Dynamics can quote firm 
prices immediately. “Most insurance 
brokers for a single satellite insurance 
package will not commit to a rate until 
much closer to the launch date,” he 
said. 

Launch Complex 36 

NASA and the US Air Force have 
authorised the use of the Atlas launch 
complex at Cape Canaveral for Gen¬ 
eral Dynamics commercial opera¬ 
tions. There are two launch pads at 


'i 


Complex 36 designated A & B. Pad 36A 
will be configured for Atlas II and IIA 
vehicles and will be used primarally for 
military launches. Pad 36B is de¬ 
signed for Atlas I, II, IIA and HAS ve¬ 
hicles and will be exclusively used for 
commercial launches. 

Work to modernize pad 36B was 
completed in mid-1989 and Pad 36A is 
now being readied for its launches. A 
new umbilical and service tower has 
been installed along with a new water 
deluge system and adjustable service 
platforms. Each launch pad can main¬ 
tain a launch rate of four launches per 
year and can accommodate five 
launches in surge conditions. 

Production Facilities 

General Dynamics Space Systems 
Division and Commercial Launch 
Services utilize over 2.4 million square 
feet of engineering, production and 
launch facilities stretching from the 
east to west coast of the United States. 
Atlas production had been halted for 
about a year when General Dynamics 
decided to resume manufacture in 
1987. Since then many of the facilities 
have undergone an extensive period 
of modernization. 


General Dynamics 

The Atlas and Centaur propellant 
tanks are manufactured at Plant 19 in 
San Diego, California. The plant has 
been equipped with an advanced 
stretch press for forming sections of 
the stainless steel tank walls which 
can be just 0.014 inches thick in 
places. A new computerised solid- 
state welder is used for joining the 
sections and a laser cutting device for 
trimming the bulkheads. The facility is 
capable of producing 24 to 32 Atlas 
and Centaur tanks per year. The tanks 
are then sent to facilities at Kearny 
Mesa and Vandenberg tar final assem¬ 
bly. 

The payload fairings, thrust struc¬ 
ture, intertank adapter and payload 
adaptor are being built at a new, low- 
cost production centre in Harlingen, 
Texas. A new robotic riveter installed 
at the plant has replaced much of the 
manual labour required in production. 
According to General Dynamics, the 
low labour rates of this area combined 
with a highly mechanised production 
line, allow the company to keep down 
costs. 

The Kearny Mesa plant, near San 
Diego, is the location of the Centaur 
production lines. According to Gen- 
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The Atlas stage for the CRRES launch is unloaded 

eral Dynamics, its new Centaur Final 
Assembly Building is the most modern 
facility of its kind in the world. The 
facility covers an area of almost 
100,000 square feet, of which about 
three-quarters operates as a 
100,000-class clean room providing 
the cleanest possible environment for 
Centaur production. 

General Dynamics performs final 
integration of the Atlas at a Vanden- 
berg Air Force Base facility. A new 
controlled-environment room has 
recently been added to aid in the con¬ 
struction of wiring harnesses for the 
vehicles. Final assembly of the Atlas 
boosters includes mating the thrust 
section with the tank, assembly and 
installation! of the electrical systems, 
and installation of the booster and 
sustainer engines. 

Countdown 

The complete Atlas and Centaur 
stages are flown to Cape Canaveral 
Air Force Station by C-5A aircraft. The 
launch vehicle is then assembled on 
the launch pad, usually in two days. 
The Atlas is then powered up to begin 
prelaunch testing which includes a 
simulated flight test that operates the 
vehicle's electrical and mechanical 
systems, verifying that they will per¬ 
form as planned during ascent. This is 
followed by a full countdown demon¬ 
stration exercise, including the filling 
of the vehicle with its full complement 
of liquid hydrogen, liquid oxygen and 
RP-1 propellants. All countdown 
events are performed as they are on 
launch day up to first stage ignition. 

The payload is installed inside the 
fairing in a nearby clean room and 
mated with the vehicle about two 
weeks before launch. 

Atlas countdown operations are 
conducted by a General Dynamics 
launch team from the Complex 36 
blockhouse. RP-1, a highly refined 
kerosene fuel, is loaded aboard the 
Atlas stage three days prior to launch. 
Loading of the liquid oxygen, used by 


from a 05 aircraft after arrival at Cape Canaveral. 

ATLAS LAUNCH MANIFEST 

1990 

CRRES (July 25) 

1991 

Eutelsat, BS-3H, Galaxy 5, Intelsat K 

1992 

GOES I, Galaxy 1R, GOES J. 

Orion 1, UHF 1 

1993 

Intelsat 7 F2, Intelsat 7 F3, Orion 2 

1995 

SOHO 

both the Atlas and Centaur stages, 
begins at T-75 minutes. Loading of 
liquid hydrogen aboard the Centaur 
stage begins at T-43 minutes. 

Weather observation and forecast¬ 
ing is provided by the US Air Force from 
the Cape Canaveral Forecast Facility. 
On launch day, a total of nine upper air 
weather balloons are released start- - 
ing at launch minus six hours. A 
weather reconnaissance aircraft 
takes-off at launch minus 90 minutes 
to evaluate the weather downrange in 
the flight path of the Atlas and also 
assess any weather areas of concern 
that may be approaching the Cape. 

The launch director receives de¬ 
tailed weather briefings prior to re¬ 
tracting the launch pad gantry, again 
prior to fuelling and then immediately 
before launch. 

A typical Atlas I launch would pro¬ 
ceed as follows (exact times, veloci¬ 
ties, etc, would vary for each individ¬ 
ual launch): 

Following blast off the Atlas sus¬ 
tainer and booster engines accelerate 
the vehicle to 6,527 mph before the 
booster engines cutoff at T+2 min 38 
sec. Three seconds later the booster 
engines are separated from the Atlas. 
Panels that insulate the Centaur’s 
cryogenic propellant tanks are jetti¬ 


The launch vehicle was designated AC-69. NASA 

soned at T+3 min, followed by the nose 
fairing 36 seconds later. 

The Atlas sustainer and vernier 
engines cutoff at T+4 min 27 sec by 
which time the vehicle has reached a 
speed of 9,326 mph, an altitude of 85 
miles and a downrange distance of 258 
miles. Separation of the Atlas stage 
occurs two seconds later. 

The Centaur stage begins a five 
minute burn at T+4 min 40 sec, which 
accelerates the vehicle to 17,953 
mph. After coasting for 15 minutes, the 
Centaur re-ignites and burns for one 
minute 36 seconds by the end of which 
the vehicle has reached geostationary 
transfer orbit. Separation of the pay- 
load follows at T+28 min 44 sec and the 
Atlas has completed its work. 

Atlas Enters its 33rd Year 

With the successful launch of the 
CRRES spacecraft on July 25 the At¬ 
las vehicle entered its 33rd year of 
operations. Its future looks bright for 
the 1990s. 

Already General Dynamics has 
plans to further develop the Atlas 
vehicle. 

“We have a concept for an Atlas 
which will be able to lift 9,000 lb to 
geostationary transfer orbit,” said 
Dunbar. “However, we have no plans 
at this time to go beyond the Atlas HAS 
because the bulk of the market is be¬ 
low that performance range.” 

Already half of the 60 Atlas vehicles 
in production have been committed or 
optioned for launch, including 22 
commercial and 10 military missions. 
The Atlas has managed to capture 
about 20 percent of the world commer¬ 
cial launch market. Its nearest com¬ 
petitor, Arianespace, continues to 
retain about 60 percent of the market. 

‘We feel the market is suitable for 
Atlas and Ariane to be healthy com¬ 
petitors,” says Dunbar. 

All looks set for the Atlas vehicle to 
continue its proud history through the 
1990s and probably into the next cen¬ 
tury. 


ATLAS GOES COMMERCIAL 
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ATLAS GOES COMMERCIAL 


ATLAS DATA 


PAYLOAD FAIRINGS 


7,838 mm 
(308.6 in.) 


9,397 mm 
(370 0 in ) 


2,921 mm 
ih dia «■ 
(115.0 in.) 


3,700 mm 
— in dia—' 
(143.7 in.) 


MEDIUM FAIRING 


Length 


LARGE FAIRING 


With medium fairing 
With large fairing 


Diameter 


Overall 

Vehicle 


Centaur 


Atlas 


Solid 

Rocket 


Motors 

(4 Used) 



Gross liftoff weight With medum fairing 
With large fairing 

Payload GTO* 

Medium Fairing 
Large Fairing 

Length _ 

Propellant 
Propellant weight 
Total thrust (vacuum) 

Specific Impulst Isp (vacuum) 

Length 
Propellant 
Propellant weight, 

Booster engines total thrust (sea level) 


Booster engine specific impulse Isp (sea level) 
Sustainer engine thrust (sea level) 

Sustainer engine specific impulse Isp (sea level) 
Vernier engines total thrust (sea level) 

Vernier engines specific impulse Isp (sea level) 

Propellant 

Propellant weight per motor 


Average thrust per motor 
Specific impulse (sea level) 


183,900 kg 
164.290 kg 


2,340 kg 
2,250 kg 


187,170 kg 
187,560 kg 


2,770 kg 
2,680 kg 


187,310 kg 
187,700 kg 


2,900 kg 
2,810 kg 


233,600 kg 
234,010 kg 


3,630 kg 
3,490 kg 


LH 2 & LOj (liquid hydrogen & liquid oxygen) 


13,790 kg 16,780 kg j 16,780 kg 16,780 kg 

146.8 kN 148.1 kN 180.2 kN 180.2 kN 


444.4 sec I 442.3 sec I 448.9 sec 


444.4 sec 
222 m 


448.9 sec 


L0 2 & RP-1 (liquid oxygen & kerosene type of fuel) 


137,530 kg 


1,679 kN 


259.1 sec 


269 kN 


220.4 sec 


5,950 N 
186.7 sec 


156,260 kg 


269 kN 


220.4 sec 


Not applicable 


156,260 kg 

156,260 kg 

1,815 kN 

1,815 kN 

263.1 sec 

263.1 sec 

269 kN 

269 kN 

220.4 sec 

220.4 sec 

Not applicable 


HTBP propellant 
10,230 kg 


433 kN 


229 sec 


Geosynchronous transfer orbit. 167 x 35,788 km, 28.5-deg transfer orbit inclination 
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STEPS TO 

SPACE 


White Rock Theatre * venue tor SPACE '90. 


The theme of SPACE '90 "Steps to Space" is particularly topical at a time 
when there are many major issues to be re solved. The way forward on manned 
planetary exploration heads the list, including the role of the space station and 
the lunar base as stepping stones to Mars. Major questions also surround the develop¬ 
ment of the Aerospace plane and the role of Hermes. All of this is against a background re¬ 
surgence of scientific exploration with the launchings of Magellan, Galileo and Hubble. How 
should Britain best make a proper contribution to this exciting future? There is much to debate. 

G.W. Childs 
Society President 


SPACE 90: 


Friday 26th September 


14.00-18.00 Registratibn in the Foyer of the White Rock Theatre. 

Participants will receive free tickets for access to Civic Amenities. 

20.00 A Civic Reception and Dance, free to all participants, will be held 

at the Falaise Hall, White Rock Gardens. 

Supper will be served at 21.30 


Saturday 29th September 


09.30 OPENING CEREMONY 


Welcome by the Right Worshipful the Mayor of Hastings 
Councillor Paul Smith 


11.00 THE EXPLORATION OF OTHER WORLDS - 1 


Planetary Projects at the Jet Propulsion Laboratory 
Dr W.I. McLaughlin 

The Exploration of Mars 
Dr C.P. McKay 

Some Unconventional Approaches to The Exploration of Mars 
J.R. French 


Luncheon 


14.00 THE EXPLORATION OF OTHER WORLDS - 2 


Searching for Planets of Stars 
A.T. Lawton 


16.00 THE MANY FACETS OF THE UNIVERSE 


X-ray Astronomy 
Dr A.M. Cruise 


Infrared Astronomy 
Dr R.J. Emery 

Solar Physics 
B.E. Patchett 


|| The comfortable lounge bar of the White Rock Theatre. 


Welcome to Space '90 

G.W. Childs, The Society's President 

Theme Paper - Steps to Space 
ft. Gi>son 


|| Hastings - attractive seasiae location. 


The Cassini Mission to Saturn & Titan 
Dr S. Green 

The Huygens-Cassini Titan Probe 
P. Furness 


Pictures courtesty Hastings Borough Council 


19.30 


BANQUET in the Falaise Hall, White Rock Gardens, Hastings, 

with speeches by Guests of Honour 

Roy Gibson 

Norman Longdon 

Air Vice Marshal Peter Howard 


I. 3U4) 









Steps to Space 

Sunday 30th September 

09.30 WAYS AND MEANS 

Small Mission Systems 
A.K. Ward 

The Juno Project 

Air Vice Marshal P. Howard 

Spacecraft Command & Control using Artificial Intelligence Techniques 
Dr R. Desimore & Dr B. Drabble 

Ion Drives for Future Space Exploration 
Dr D.G. Feam 

Monopoly - A Monopole Motor 

P. Wright 

Luncheon 

14.00 LONG-TERM SPACE ARCHITECTURE 

An Overview of Possible Developments in Space over the Next 20 years 
P.J. Conchie 

Rationale for a Western World Space Infrastructure 
C.M. Hempsell 

A Roadmap for a European Infrastructure in the HOTOL Era 
Dr R.C. Parkinson 

The Future of Space Science and Earth Observations 
J.P. Stark 

Long-term Developments in Global Telecommunications Infrastructure 
A.S. Lockwood 

Habitable Planets and the Ecosphere 
M.J.Fogg 

Tea and coffee will be served during mid-moming and afternoon breaks. 


Special Discounts for Society Members 


SPACE '90 Is open to anyone with an 
Interest In space and there are. sub¬ 
stantial discount rates for all Society. 
members who wish to attend. 

Several .hundred people are ex¬ 
pected to attend SPACE '90 and pre¬ 
booking, especially if banquet tickets 
are required, is strongly recommended. 

Registration forms together with an 
information pack on Hastings will be 
sent on receipt of a 20p stamp or an 
international reply coupon. Please 
write to SPACE '90, The British Inter¬ 


planetary Society, 27/29 South Lam¬ 
beth Road, London, SW8 1SZ, Eng¬ 
land. 

The scale of charges, which covers 
registration, civic reception and dance 
and mid-morning and mid-afternoon 
refreshments, is as follows: 

Non-Members £60 (US$105) 

Society Members £44 (US$77) 

Members under 21 

or over 65 £25 (US$44) 

Accompanying Spouse £15 (US$26) 

Opening Civic Reception Free 
Banquet £26 (US$46) 
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SHUTTLE UPDATE 


Atlantis Rolled Back 


NASA technicians were unable to repair 
a leaking flange on the Space Shuttle 
Atlantis while It stood on the launch pad. 
The Shuttle was rolled back to the Ve¬ 
hicle Assembly Building (VAB) where 
the orblter can be detached and the leak¬ 
ing components replaced. Following the 
rollback of Atlantis, the launch pad was 
clear to receive Columbia, scheduled for 
launch In early September. 

Following the second cryogenic tanking 
test of Atlantis on July 13 the leak was pinpo¬ 
inted to a flange that connects the ET side 
of the disconnect to the tank. An examina¬ 
tion of the bolts on the flange showed none 
of them were loose. NASA officials decided 
to over-torque ■ (over-tighten) the bolts by 10 
percent in the hope it would stop the leak. 
Forty out of the 48 bolts moved about 30 
degrees when they were tightened. The 
area around the flange was sealed and 
wired with sensors in preparation for a third 
cryogenic tanking test scheduled for July 
25. 

NASA officials were not confident the test 
would be a success. 

'The tanking test either passes or fails,” 
said William Lenoir, NASA Associate Ad¬ 
ministrator for Space Flight. “If it passes, we 
will have been lucky because, in all honesty, 
we do not expect what we can do on the pad 
will fix the problem. It costs us nothing to try, 
so we will.” 

When the tanking test was conducted the 
leak was still present. The chilldown of the 
liquid hydrogen lines had begun at 07:30 
EDT on July 25 and was followed by a slow 
and then fast fill of the External Tank The 
leak emerged during the fast fill portion of 
the test, causing engineers to halt the op¬ 
eration. The leak reappeared later when a 
slow fill of the tank was attempted. 

After digesting the results of the test, 
NASA management announced the inevi- 

CENTRE PAGES: 

CENTRE: Atlantis soon after rollout to pad 39B 
OTHER PHOTOS (antl-clockwise from top left): 
A partial stack of Space Shuttle Solid Rocket Boost¬ 
ers are transferred from the Vehicle Assembly 
Building to launch pad 39B The boosters were 
moved to pad B in order to make room for the STS- 
35 stack which was removed from the launch pad 
to isola.e a liquid hydrogen leak. 

Technicians prepare the External Tank side of tne 
liquid hydrogen disconnect umbilical for shipment 
to Rockwell International for testing in conjunction 
with the orbiter side of the umbilical 

Technicians prepare to install a new liquid hydro¬ 
gen umbilical plate in the orbiter Columbia. The re¬ 
placement umbilical was taken from Shuttle En¬ 
deavour, currently under construction The origi¬ 
nal disconnect was sent to Rockwell International 
for further testing 

Rockwell International technician, Ron Black, 
torques bolts around Atlantis' 17-inch /disconnect 
flange This flange, located between the/orbiter and 
the External Tank, connects the tank to its 17-inch 
disconnect All 48 bolts were over torqued by ten 
percent in an effort to stop the hydrogen leak at that 
flange during tanking tests 

Technicians complete foaming around the area of 
Atlantis’ 17 inch diameter feedline in preparation for 
the second liquid hydrogen tanking test Techni¬ 
cians set up an elaborate network of sensors, leak 
detectors and 'baggies' on the vehicle in order to 
pinpoint the hydrogen leak 


table, Atlantis would have to be rolled back 
to the VAB and demated. 

Space Shuttle Program Director Bob 
Crippen said the umbilical on the External 
Tank would be removed “to understand 
better” what is causing the leak in the flange 
area. 

The External Tank line that connects the 
umbilical to the liquid hydrogen tank will 
also be replaced. 

Atlantis was rolled off the launch pad on 
August 8 and parked outside the VAB until 
Columbia’s rollout the following day. Atlan¬ 
tis was then moved into the VAB high bay 
vacated by Columbia. 

One Launch Before Ulysses 

Following the decision to roll back Atlan¬ 
tis, Columbia became the next Shuttle in line 
for launch. NASA had hoped that if it could 
launch one Shuttle before the priority Ulys¬ 
ses deployment, it would be Atlantis. This 
would have allowed the orbiter to launch the 
Gamma Ray Observatory before the end of 
the year. However, this was not the case 
and the GRO mission has been delayed until 
early 1991. 

NASA has been forced to reschedule 
Shuttle missions for the rest of the year. A 
new schedule, listing flights from 1991 on¬ 
wards, is being prepared. The number of 
missions scheduled for this year has 
dropped from nine to seven. Preparing the 
schedule for 1991 is complicated by a num¬ 
ber of factors. 

From the end of May 1991 Columbia will 
no longer be available. The orbiter is to be 
flown to Rockwell International’s Palmdale 
facility for maintenance and inspection, by 
which time the orbiter should have made 12 
missions. NASA wants to assess the wear 
and tear to the spacecraft and compare the 
findings with previous predictions. 

The Atmospheric Laboratory for Applica¬ 
tions and Science (ATLAS) was originally 
scheduled for launch in May 1991 but its 
launch slot will almost certainly be taken by 
the delayed International Microgravity 
Laboratory (IML). NASA is considering 
flying ATLAS on Atlantis or Discovery, oth¬ 
erwise the laboratory will have to wait until 
Columbia returns to flight status, which is 
not scheduled until March 1992. 

Details of the Shuttle schedule for the 
remainder of 1990 follows: 


Astro 


The launch of STS-35 is now scheduled for 
September 4-5. Columbia will carry a bat¬ 
tery of telescopes (see opposite). 

As reported in last month’s Spaceflight 
the Columbia leak was located at a seal on 
the drive shaft that operates the 17-inch 
disconnect flapper valves. The entire um¬ 
bilical assembly was replaced with one from 
the orbiter Endeavour, currently under con¬ 
struction at Palmdale. NASA is confident 
there will be no further hydrogen leaks on 
Columbia. Shuttle managers decided not to 
perform a cryogenic tanking test before the 
launch. Helium leak checks will be con¬ 


ducted as normal. 

Columbia returned to launch pad 39A on 
August 9. The Shuttle began its rollout from 
the Vehicle Assembly Building (VAB) at 
05:47 EDT Its journey to the launch pad took 
approximately six hours. Before Columbia 
left the Orbiter Processing Facility (OPF) 
for mating with the External Tank, the Broad 
Band X-Ray Telescope was serviced with 
solidified argon. The telescope’s sensitive 
sensors' have to be kept at cryogenic tem¬ 
peratures. The servicing can only be con¬ 
ducted in the OPF and at the launch pad. 


STS-41 

m 

Ulysses 




As this issue of Spaceflight goes to 
press Discovery is due to roll out to Launch 
Pad 39B on August 25. For the second time 
this year two Space Shuttles will be on the 
launch pad simultaneously. 

The crew members for STS-41 are: 
Commander Richard Richards, pilot Robert 
Cabana and mission specialists William 
Shepherd, Bruce Melnick and Thomas 
Akers. During the five day mission the crew 
will deploy the Ulysses solar polar orbiter. 

Ulysses was mated with its IUS/PAM-S 
upper stage on July 31 in the Vertical Proc¬ 
essing Facility at the Kennedy Space Cen¬ 
ter Industrial Area. The spacecraft will be 
transported to the launch pad and installed 
in the payload changeout room on August 
22. It will be transferred to Discovery’s 
payload bay soon after the Shuttle arrives 
at the launch pad. 

The crew of STS-41 will be at the Ken¬ 
nedy Space Center on August 30 for the 
Countdown Demonstration Test and emer¬ 
gency escape training. During September 
the Ulysses probe and the interfaces be¬ 
tween it and the Shuttle will be thoroughly 
tested. 

Ulysses’ Radioisotope Thermoelectric 
Generator (RTG) will be fitted to the space¬ 
craft on September 30. Discovery’s 60 ft 
long payload bay doors will be closed over¬ 
night on October 1. Lift-off is scheduled for 
October 5. 


STS-38 


DoD 


STS-38, a classified Department of De¬ 
fense mission, will be launched in early 
November. 

Following roll back from the launch pad, 
Atlantis was demated from the External tank 
and taken to the OPF. 



Columbia will carry the Spacelab Life 
Sciences (SLS) laboratory on a nine day 
mission in late December. 
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SHUTTLE UPDATE 


Astro Mission Now Set for September 


With the hydrogen leak problem 
solved, NASA Is preparing to 
launch the Space Shuttle Columbia 
carrying the Astro observatory In 
September. The mission will spend 
nine to ten days observing the sky 
in the ultraviolet and X-ray wave¬ 
lengths. The crew of seven Is the 
largest since the Challenger acci¬ 
dent and Is the first mission to carry 
payload specialists since flights 
resumed. Mission STS-35 was origi¬ 
nally scheduled for May. Spaceflight 
published a full preview of the mis¬ 
sion on p.172 of the May 1990 Issue. 
This report provides additional In¬ 
formation on the flight. A day-by¬ 
day guide to the mission appears 
overleaf. 

The nighttime launch of STS-35 is 
now scheduled for early September. 
* Lift-off will take place from Pad 39A at 
the Kennedy Space Centeri STS-35 
will be the tenth flight for Columbia and 
36th for the Space Shuttle. 

The payload for STS-35 actually 
comprises of four telescopes: the 
Hopkins Ultraviolet Telescope (HUT), 
the Ultraviolet Imaging Telescope 
(UIT), the Wisconsin Ultraviolet 
Photo-Polarimeter Experiment 
(WUPPE) and the Broad Band X-Ray 
Telescope .(BBXRT). HUT, UIT and 
WUPPE are mounted on the Instru¬ 
ment Pointing System (IPS) devel¬ 
oped for NASA by the European Space 
Agency. The IPS, in turn, is mounted 
on two Spacelab pallets built by Brit¬ 
ish Aerospace. The IPS, built by 
Dornier, provides precision pointing in 
the arc/second range.* BBXRT is 
mounted on its own Two-Axis Pointing 
System (TAPS). The telescope is lo¬ 
cated behind the Spacelab pallets 
furthest from the Shuttle crew com¬ 
partment. 

In order to make full use of the Astro 
observatory, 24 hours a day, the seven 
astronauts will work two 12 hour shifts. 
The Blue Shift consists of mission 
specialists Jeff Hoffman and Mike 
Lounge, and payload specialist Sam 
Durrance. Mike Lounge will be respon¬ 
sible for the orbiter systems during the 
Blue Shift, while Hoffman and Dur¬ 
rance perform the Astro observations. 
Pilot Guy Gardner, mission specialist 
Bob Parker and payload specialist 
Ron Parise form the Red Shift. Mis¬ 
sion. Commander Vance Brand will 
work on either shift as the need arises. 
Columbia’s middeck has been 
equipped with a four tier bunk so one 
shift can sleep without being disturbed 
by the working crew members. 

Astro observations will begin about 
23 hours after Columbia completes its 
Orbital Maneuvering System (OMS) 



ArbsTs. impression of the Astro observatory in Columbia's payload bay. 


burn to circularise its orbit at 190 
nautical miles. More than 80 hours of 
observations are planned during the 
mission. Because of the pointing re¬ 
quirements of the experiments in the 
payload bay, the orbiter will have to 
make approximately 240 manoeuvres 
during the flight, more than any mis¬ 
sion to date. 

Because the Astro observations will 
take almost all the crew’s time the 
mission will include only two secon¬ 
dary experiments. The first AMOS (Air 
Force Maui Optical Site) requires no 
participation by the crew. Columbia 
will simply be used as a target for cali¬ 
brating ground based sensors. 

The second experiment is the 
Shuttle Amateur Radio Experiment 
(SAREX-II). The equipment can be 
operated in automatic or man-tended 
modes. The Shuttle crew will attempt 
a radio link with the Soviet Mir space 
station if the orbits of the two space¬ 
craft coincide. Because of the 
Shuttle’s orbital inclination of 28.5 
degrees, SAREX is most likely to make 
contact with radio ‘hams’ in Australia, 
Japan, South America and South Af¬ 
rica. Ron Parise, a licensed amateur 
radio operator, call sign WA4SIR, will 
use the equipment. Details of 


SAREX-II appeared in Spaceflight, 
June 1990, p.186. 

On the mission’s fifth day the crew 
will give a lesson to middle school 
students at the Marshall Space Flight 
Center. The 30 minute long lessop has 
been called "Assignment: The Stars’. 
Following the presentation from orbit 
the students will have the opportunity 
to question the astronauts. In addition 
to the main presentation a series of 
mini-lessons will be given at various 
times during the mission. The lessons 
will cover Shuttle operations and dif¬ 
ferent aspects of the Astro-1 science 
programme. 

During the flight the crew will con¬ 
duct a number of Development Test 
Objectives (DTOs). They will attempt 
to photograph the External Tank after 
separation from the orbiter to assess 
the performance of its thermal protec¬ 
tion system, evaluate an improved 
waste collection system (toilet) and 
demonstrate the use of a trash com¬ 
pactor. 

The mission is due to last 8 days 19 
hours and 56 minutes. During the flight 
controllers wifi decide if to extend the 
mission by one day. Columbia will land 
at Edwards Air Force Base in Califor¬ 
nia. 
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SHUTTLE UPDATE 


STS-35: MISSION GUIDE 



! COUNTDOWN 


T-06:00:00 Operations for fueling of the 
external tank begin. 

T-03:00:00 Begin 2 hour planned hold. 
An inspection team examines the ET for ice 
or frost formation on the launch pad during 
this hold. 

T-02:30:00 Flight crew departs Opera¬ 
tions and Checkout (O&C) Building for 
launch pad. 

T-01:50:00 Astronauts enter orbiter. 

T-00:20:00 A 10 min planned hold starts. 

T-00:09:00 A planned 10 min hold starts. 
NASA and contractor project managers will 
be formally polled by the deputy director of 
NASA, Space Shuttle Operations during the 
T minus 9 minute hold. A positive “go for 
launch” statement will be required from 
each NASA contractor prior to resuming the 
launch countdown. All test support team 
members verify that they are “gp for launch”. 

T-00:07:30 The orbiter access arm 
(OAA) connecting the access tower and the 
orbiter side hatch is retracted. 

T-00:05:00 Pilot starts the Auxiliary 
Power Units (APUs) that provide pressure 
to the orbiter hydraulic systems. These 
systems are used to move the SSME engine 
nozzles and aerosurfaces. 

T-00:02:50 Xfi 0 gaseous oxygen arm is 
retracted. The cap that fits over the ET nose 
cone to prevent ice buildup on the oxygen 
vents is raised off the nose cone and re¬ 
tracted. 

T-00:00:31 ‘Go for autosequence start. 
Control of the remaining countdown is 
handed to the Shuttle’s onboard computers. 
T-00:00:06.6 All three SSMEs are started 
at 120-millisecond intervals. 

T-00:00:00 The two SRBs are ignited 
under command of the onboard computers, 
the four hold-down explosive bolts on each 
SRB are initiated and the two T-0 umbilicals 
on each side of the spacecraft are retracted. 
All three SSMEs are at 104% thrust - Lift-off. 


277.4 fps, 190 by 190 nautical miles (218 by 
218 statute miles). 

T+01:28:00 Pilot opens payload doors. 
Tt02:36:00 Mission Control Center 
gives the crew a “go for orbit operations”. 


DAY ONE 


Commander and pilot configure controls for 
on-orbit operations 
Astro/BBXRT activation. 

Ku-band antenna is deployed for communi¬ 
cations through the Tracking and Data Re¬ 
lay Satellites. 

If neocessary, a trim burn will be make slight 
adjustments to the Shuttle’s orbit. 

SAREX Setup. 


DAY TWO 


Begin Astro/BBXRT observations. 

Test trash compaction system. 

SAREX operations conducted in automatic 
and man-tended modes 
Crew have private medical conference with 
Flight Surgeon. 


DAY THREE 


Continue Astro/BBXRT observations. 

Test trash compaction system. 

SAREX operations conducted in automatic 
and man-tended modes 


DAY FOUR 


Continue Astro/BBXRT observations. 

Test trash compaction system. 

SAREX operations conducted in automatic 

and man-tended modes 

AMOS observations from the ground. 


DAY SEVEN 


Continue Astro/BBXRT observations. 

Test trash compaction system. 

SAREX operations conducted in automatic 
and man-tended modes 
Test improved waste collection system. 
Hotfire test of the orbiter's Reaction Control 
System thrusters. 


DAY EIGHT 


Continue Astro/BBXRT observations. 

Test trash compaction system. 

SAREX operations conducted in automatic 
and man-tended modes 

Stow improved waste collection system. 
Checkout of the Flight Control Systems. 


DAY NINE 


Continue Astro/BBXRT observations. 
SAREX operations then stow experiment 
Astro/BBXRT deactivation. 

Prepare cabin for reentry. 


LANDING 


LAUNCH 


DAY FIVE 


T+00:00:06.8 Shuttle clears the tower. 


T+00:00:09 
T+00:00:26 
104 to 70%. 
T+00:01:03 


Roll manoeuvre is started. 
SSMEs throttle down from 

SSMEs throttle to 104%. 


T+00:02:05 SRBs separate. 

T+00:03:58 Negative return. The vehicle 
is no longer capable of return-to-launch- 
site abort at Kennedy Space Center run¬ 
way. / 

T+00:08:37 Main engine cutoff occurs at 
approximate velocity 25,918 feet per sec¬ 
ond, 185 by 33 nautical miles (212 by 37 
statute miles). 

T+00:08:50 ET separation. 

T+00:43:00 OMS-2 burn is performed, 
approximately 4.5 minutes in duration, at 


Continue Astro/BBXRT observations. 

Test trash compaction system. 

SAREX operations conducted in automatic 

and man-tended modes 

AMOS observations from the ground. 

Classroom in Space lesson 

Test improved waste collection system. 


DAY SIX 


Continue Astro/BBXRT observations. 

Test trash compaction system. 

SAREX operations conducted in automatic 

and man-tended modes 

Test improved waste collection system. 


T+8/16:02 Mission Control gives “GO” for 
payload bay door closure. 

T+8/16:10 Pilot and mission specialist 
close payload doors. 

T+8/16:55 Commander and pilot config¬ 
ure forward flight deck for entry. 

T+8/17:13 To reduce the effects of return¬ 
ing to gravity, the crew begins fluid 'loading, 
32 fluid ounces of water with salt over next 
1.5 hours. 

T+8/17:25 Commander and pilot put on 
partial pressure suits. 

T+8/17:40 MS and PS put on partial pres¬ 
sure suits. 

T+8/17:50 Commander and pilot get into 
their seats. 

T+8/18:28 MCC-H gives “GCT for deorbit 
burn. 

T+8/18:36 Mission specialists and pay- 
load specialists get into their seats. 
T+8/18:49:46 Deorbit OMS bum, 3 min¬ 
utes, 29 seconds in duration, 315 fps. 
T+8/19:20 Begin reentry. 
T+8/19:56:01 Landing gear down. 

T+8/19:58:21- Weight on main landing 
gear. 

T+9/19:56:31 Weight on nose landing 
gear. 

T+9/19:57:07 Wheel stop. 


SPACEFLIGHT, Vol. 32, September 1990 





























MIR 

MISSION 

REPORT 








By 

Neville 

Kidger 


Cosmonauts Make Space Repair 

New Crew Begins Six Month Mission 


Soviet cosmonauts Aleksandr Balandin and Anatoli Solovyov made a dar¬ 
ing EVA in July to repair the damage to their Soyuz TM-9 craft. The space- 
walk almost ended in tragedy when It took the cosmonauts much longer 
than expected and they were unable to close the airlock door. With their 
oxygen supplies low, the cosmonauts entered the station using an emer¬ 
gency procedure. A second spacewalk had to be made to temporarily fix the 
airlock. Meanwhile, the cosmonauts have activated the Krlstall module 
which docked with the station on June 10. Neville Kidger brings us up to date 
with his latest Mir Mission Report. 


Working with Krlstall 

Cosmonauts Anatoli Solovyov and 
Aleksandr Balandin on the Mir com¬ 
plex, began working with the techno¬ 
logical processing plants of the Kris- 
tall module shortly after its docking 
with the complex on June 10. 

The technological plants - Krater-3, 
Optizon-1, Zona-02, Zona-03 and 
ChSK-1 - were expected to realise 3 
million Roubles-v.orth of work during 
the shortened period of time the cos¬ 
monauts had to operate them because 
of the delay in launching the module. 

On June 25 it was announced that 
the men’s flight, which had been due 
to end on July 29, had been extended 
to August 9 at the request of the cos¬ 
monauts themselves and ground- 
based industry representatives. The 
men also needed a 10-day period to 
prepare and conduct an EVA to repair 
damage to three thermal blankets of 
their Soyuz TM-9 spacecraft which 
had been torn loose. 

The revelation in a western maga¬ 
zine that the flapping blankets were 
obscuring the view of vital sensors 
used during the return to Earth had 
caused some elements of the press to 
run stories saying the men were 
“stranded in space”. The stories were 
similar to those of 1983 when an oxi¬ 
dizer leak on Salyut 7 led to specula¬ 
tion that cosmonauts Lyakhov and 
Aleksandrov were stranded with an 
unreliable means of return to Earth. 
The cosmonauts returned safely to 


Earth on that occasion. 

Mission managers Vladimir So¬ 
lovyov and Viktor Blagov aired their 
feelings about the contemporary sto¬ 
ries. On Soviet TV,' Blagov in particu¬ 
lar criticised what were called “techni¬ 
cally incompetent journalists” who 
had “confused and overdramatised” 
the actual situation. Solovyov told 
reporters that the men on Mir were 
looking forward to the work outside 
because it gave them a diversion from 
life inside the station. The EVA, it was 
revealed on June 29, would take place 
on July 17. 

Solovyov and Balandin spent part of 
July 3 preparing Soyuz TM-9 for re¬ 
docking at the front of the Mir complex. 
The operation was scheduled for early 
the next morning, Moscow Summer 
Time. 

Having sealed themselves into TM- 
9 the cosmonauts undocked from the 
rear Kvant port at 2208 (all times GMT) 
on July 3. After a 26 minute flight 
around the complex, flown under 
manual control, Soyuz was docked at 
the front axial port of the complex. The 
rear port was now free to be used by 
the next manned expedition. Radio 
Moscow said that an unmanned cargo 
ship was to be launched “soon” to use 
the port. 

Criticism from Within 

The current state of the Mir pro¬ 
gramme was discussed in the newspa¬ 
per “Moscow News” by Boris Olesyuk, 


described as a space expert of the 
Flight Control Centre. With the dock¬ 
ing of Kristall and the beginning of 
operations with it, one could expect an 
insider to be full of praise for the ac¬ 
complishments. But Olesyuk wrote 
that despite plans to permanently man 
the complex and attach five special¬ 
ised modules to it, the station had not 
yet fulfilled its potential. 

Glasnost had opened up the space 
programme, he wrote, even to the 
extent that the public knew that some 
220 million Roubles had been allo¬ 
cated for manned spaceflights in 
1990. This figure required “serious 
explanation” he said and noted that 
past secrecy had been used to hide 
“errors and failures from the general 
public”. He conceded that the costs of 
the station and the modules to society 
were unknown. 

He said that “it would be naive to as¬ 
sume that (Mir’s) equipment... is 
“state of the art” and operates without 
a hitch.” The equipment suffered from 
the same drawbacks as the rest of the 
Soviet economy. The weakest link, 
according the Olesyuk, is Mir’s com¬ 
puter controlling the gyrodynes for 
orientation and stabilisation. Fewer, 
more powerful and reliable computers 
might be the answer, he ventured. 
Equipment already on the complex 
was not being used either, he said. 

Olesyuk said that the MKF-6M 
multi-zonal camera system and the 
Gamma Videospectral package 
mounted outside Kvant 2 had not even 
been tested. He called for two teams 
of three cosmonauts to man the sta¬ 
tion to work in shifts rather than the two 
men at present. A means of delivering 
the processed results of experiments 
to Earth was needed also. 

“Just as flight controllers do not al¬ 
ways do their best, neither do the cos¬ 
monauts," Olesyuk wrote. ‘The result 
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A model by Phil Mills shows the location of the faulty airlock (arrowed) on the Kvant 2 module 


is that at best the station’s potential is 
only being utilised fifty per cent of the 
time. Unfortunately, the huge costs of 
manned missions do not produce cor¬ 
responding returns.” 

.New Crew Announced 

Amid such criticism the Soviets, on 
July 12, announced the composition of 
the next crew to fly to the station to re¬ 
lieve Solovyov and Balandin. 

The first two man team consisted of 
Lt-Col. Gennadi Manakov a 40-year- 
old test pilot and 49-year-old space 
veteran Gennadi Strekalov. This team 
was the reserve for Solovyov and Bal¬ 
andin. The second crew was made up 
of Colonel Viktor Afanasyev, 41- 
years-old and engineer Musa Mana- 
rov, 39, who had returned in Decem¬ 
ber 1988 from Mir having spent a year 
in space with Vladimir Titov. 

July 17 EVA 

At 1306 on July 17 cosmonauts So¬ 
lovyov and Balandin swung open the 
hatch of the Kvant 2 module to begin 
their vital EVA. The plan called for the 
men to make their way down the length 
of the Kvant 2 module and assemble 
two special ladders crossing from 
Mir’s multiple docking unit to the 
Soyuz descent craft and around the 
Soyuz to enable them to remain steady 
at the work area. 

There were several concerns, it 
emerged, as well as the loose insula¬ 
tion blankets. The major one was the 
state of the explosive bolts which 
would separate the descent and en¬ 
gine modules of the Soyuz after 
retrofire. If these had been damaged 
then a new Soyuz would need to be 
launched to the station manned by a 
single cosmonaut. It was recognised 
that the only way to fully test the bolts 
for soundness was to fire them - but 
that would only be performed prior to 
reentry and after retrofire. 

The two ladders and a special set of 
tools had been delivered by the Kris- 
tall module. 

’ The cosmonauts began the journey 
down the length of the Kvant 2 module 
without being tethered to the hatch. 
Because the distance that they would 
cover exceeded the 20-25 metre-long 
length of the standard tethering cords 
the men had to use mountaineering 
carbines to secure every “step". Dur¬ 
ing the periods of orbital darkness the 
men rested, fearing to loose their way 
in the dark, the Soviets reported. 

After two hours - much longer than 
first envisaged - the men reached the 
docking unit. They erected the ladders 
at this spot. 

Solovyov and Balandin spent much 
time inspecting and filming the Soyuz 
descent cabin. On the basis of the TV 
pictures, ground experts concluded 
that the blankets had been detached 
at the moment of the carrier rocket’s 


nose fairing separation, possibly by 
gusts of wind. 

The cosmonauts inspected the ex¬ 
plosive bolts with some urgency. The 
10 special cajings housing them ap¬ 
peared “very fresh”. Controllers asked 
the cosmonauts if they could see any 
white areas, or plastic foam.The cos¬ 
monauts said that they could see and 
red areas and no plastic foam. This 
satisfied the engineers that the bolts 
would be in good shape for the return 
flight. 

Following the inspection the cosmo¬ 
nauts turned their attention to the blan¬ 
kets. Two of the three blankets, each 
2x2 metres, were rolled up and fas¬ 
tened with special clamps. However, 
the third blanket turned out to have 
serious damage. There was no word 
about the fate of this blanket from the 
Soviets but it was reported that the US 
Space Command’s tracking facilities 
later catalogued two new fragments 
near Mir which were associated with 
the EVA. It was speculated that the 
blanket may have been cut with a pair 
of shears that the cosmonauts had. 
With the blankets secured and posing 
no problem to the sensors the two men 
began their return to the Kvant 2 hatch. 
The cosmonauts were now well behind 
their original timeline. They left the 
ladders and tools at the work area. 

Once inside the Kvant 2 airlock, hav¬ 
ing been on the EVA for 6 hours already 
a major problem presented itself - the 
hatch of the module refused to close! 

The Orlan-DMA space suits which 
Solovyov and Balandin were wearing 
can be used for about 6 hours before 
needing replenishment of oxygen and 
lithium hydroxide to remove carbon 
dioxide exhaled by the wearer. During 
the period the men were struggling to 
close the hatch they were apparently 


able to use emergency supplies of 
oxygen but were not able to change the 
lithium hydroxide canisters. Faced 
with the critical situation of two men in 
an unpressurised compartment with 
mounting levels of carbon dioxide in 
their suits, controllers took the deci¬ 
sion to depressurise the second of 
Kvant 2’s compartments - the scien¬ 
tific-equipment compartment. 

When the compartment was de¬ 
pressurised the cosmonauts opened 
the hatch and moved into it, sealing 
themselves in. The compartment was 
then repressurised. Solovyov and 
Balandin eventually took off their 
suits. The EVA had lasted for seven 
hours and had come close to tragedy. 

However, the space walk assured 
flight controllers that there were no fur¬ 
ther obstacles in the way of a safe re¬ 
turn of the Soyuz TM-9 crew. 
Spaceflight can reveal that Anatoli 
Berezovoi was on stand by to fly solo 
to the space station. A clear indication 
that there was no further danger to the 
cosmonauts came a few hours after 
the space walk when Berezovoi left the 
Flight Control Centre to start a holiday 
by the Black Sea! 

The Soviets admitted that the con¬ 
trollers and cosmonauts spent a 
sleepless night as they considered the 
problem of the still-opened hatch of 
the Kvant 2 airlock, During a TV inter¬ 
view the next day Balandin was in high 
spirits about their problems and com¬ 
pared the opened airlock to an “open 
garage”. 

Controllers also realised that they 
had further problems with the equip¬ 
ment that the cosmonauts had used 
and had not removed after their work. 
It was revealed that the main docking 
unit would be blocked after Soyuz TM- 
9’s undocking unless the ladders were 
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removed. 

On July 19 the ground controllers 
made the decision that Solovyov and 
Balandin would make another EVA on 
July 26 to clear the equipment and 
attempt to close the hatch of Kvant 2. 
A Radio Moscow commentator who 
spoke with the cosmonauts after the 
decision was relayed to them said that 
the men were not very happy about the 
prospect but were confidant that they 
could perform the tasks. 

July 26 EVA 

There was initial speculation in the 
west that the cosmonauts would need to 
go back into the Kvant 2 airlock to serv¬ 
ice their Orlan-DMA EVA suits. One 
speculation envisaged the cosmonauts 
donning their launch-and-entry Sokol- 
KV2 pressure suits to open the hatch of 
Kvant 2 and servicing the EVA suits. 

In the event the cosmonauts evidently 
had means of servicing the suits at an¬ 
other location in Mir or alternatively they 
had older versions which were used, 
Soviet reports did not mention the suit 
problem in documents available to this 
analyst. 

On July 25 a state commission and a 
technical council of main specialists met 
at the FCC to decide on the EVA set for 
the next day. The commission set the 
priorities, the first of which was the re¬ 
moval of the ladders which could not be 
left floating in front of the docking unit 
after the undocking of the Soyuz. The 
commission also extended the time of the 
men’s work to the upper limit - to nine 
hours in the EVA suit, Soviet TV said. 

AT 1115 on July 26 the hatch of the 
Kvant 2 scientific-equipment compart¬ 
ment was opened and Solovyov and Bal¬ 
andin floated into the module’s airlock. 
Their first tasks included returning TV 
shots of the hinge area of the hatch of the 
airlock for experts on Earth to study. 

The TV shots revealed an unscrewed 
bolt and a deformed plate. Internally, 
there was no sign of damage but each time 
Balandin tried to close the hatch it simply 
sprung back open. It was speculated that 
the hatch had been opened on the previ¬ 
ous EVA before the compartment had 
been fully depressurised and the extra 
force had buckled a hinge. 

While the ground experts studied the 
video of the damage the two men clam¬ 
bered down the Kvant 2 module to the 
multiple docking unit of the base block of 
the Mir station and began dismantling the 
ladder and handrails. One of the two lad¬ 
ders was attached to the Kristall module 
without difficulty but the second one kept 
springing out. It was fastened to the Kris¬ 
tall module without being folded. 

With the docking unit cleared the men 
climbed back up to the hatch of Kvant 2. 
Experts recommended a method of clos¬ 
ing the hatch using tools. The men con¬ 
ducted “a primary cosmetic repair” and 
tried to close the hatch again. At 1446 a 
report was received that the hatch had 
been closed. 

The cosmonauts and ground control¬ 
lers gradually increased the internal 


pressure until it was clear that the hatch 
had held firm and secure. The cosmo¬ 
nauts wei/e instructed to remove their 
suits. The EVA lasted for 3 hours and 31 
minutes. 

The Soviets said later that another EVA 
to replace the hinge or even the entire 
hatch would be made - but that task would 
not be for Solovyov and Balandin. 

Soyuz TM-10 In Space 

On July 30 TASS announced the open¬ 
ing of a new press centre at the Tyuratam 
cosmodrome and said that 50 Soviet and 
foreign journalists were in attendance 
awaiting the launch of Soyuz TM-10 on 
August 1. 

The next day the state commission 
chose, as expected, Gennadi Manakov 
and Gennadi Strekalov as the crew for the 
mission. The press was told that the cos¬ 
monauts were to receive and unload two 
Progress freight spacecraft and conduct 
two or more EVAs to fix the Kvant 2 air¬ 
lock hatch. 

In space, Solovyov and Balandin con¬ 
tinued their smelting experiments and 
observed tracts of forest in southern 
Siberia which had been affected by forest 
fires in 1989. The men had begun their 
landing programme and were participat¬ 
ing in sessions with the Chibis pneumatic 
trousers which simulate the pull of grav¬ 
ity. 

“I wish you a successful flight and a 
happy return to the native land.” 

With those words state commission 
chairman Vladimir Ivanov sent Manakov 
and Strekalov off to Soyuz TM-10. Live TV 


coverage of the launch was provided right 
on schedule, at 0932 August 1. 

Within 10 minutes the two men were in 
orbit. Over the next two days they con¬ 
ducted manoeuvres to approach the Mir 
complex and effected a “flawless” dock¬ 
ing with the rear port of Kvant on August 
3. 

Solovyov and Balandin greeted the 
new arrivals with a traditional gift of bread 
and salt and settled down to a week of joint 
activities with them. 

Return to Earth 

The main activities of the week of joint 
work involved the returning crew making 
the new men aware of the location of 
experimental equipment, joint experi¬ 
ments and medical preparations for the 
return to Earth, including more sessions 
with the Chibis garment. 

Early on August 9 cosmonauts So¬ 
lovyov and Balandin bade farewell to 
Manakov and Strekalov and sealed them¬ 
selves into Soyuz TM-9 and undocked. 

Initial reports said that the reentry had 
gone normally with a landing on schedule 
at 0735 near the town of Arkalyk in 
Kazakhstan*, initial medical reports said 
that Solovyov and Balandin were feeling 
well. 

The cosmonauts next stop was to be 
the Star Town training centre outside 
Moscow where they would readapt to 
Earth after their almost six-month-long 
voyage in space. 

* The descent module was tracked by units 
of an anti-aircraft defence unit, Soviet radio 
reported. 
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NASA Faces Second RTG Battle 


Anti-Nuclear Groups in Bid to Stop Ulysses 


US Anti-nuclear groups will attempt to block the October launch of the 
Ulysses probe because of the spacecraft’s nuclear power source. They 
claim an accident during launch could release plutonium Into the atmos¬ 
phere with disastrous consequences for the people of Florida. However, 
NASA totally refutes these allegations. The space agency says even If a 
Challenger-type accident were to occur there would be no release of radio¬ 
active material. Last October the same protestors failed In an attempt to 
block the launch of the Galileo Jupiter probe which Is powered by two RTGs. 
The groups say Galileo still presents a threat when It makes the first of two 
Earth flybys In December. Spaceflight takes a look at the Radioisotope 
Thermoelectric Generator (RTG) at the centre of this controversy. 


In October the Space Shuttle Dis¬ 
covery will blast-off with the Ulysses 
probe, a joint NASA/ESA mission to 
study the polar regions of the Sun. The 
spacecraft must flyby Jupiter and use 
the planet’s gravity to leave the eclip¬ 
tic plane on a trajectory over the poles 
of the Sun. A single RTG provides 
Ulysses with its electrical power. 

RTGs convert heat produced by 
plutonium-238 dioxide into electrical 
power. They contain no moving parts 
and unlike nuclear reactors or nuclear 
weapons, RTGs do not use fission. 
The design of the RTG makes it impos¬ 
sible for fission to occur. 


The aeroshell is made from ex¬ 
tremely tough graphite material origi¬ 
nally developed to protect nose cones 
on reentry into the Earth’s atmos¬ 
phere. This material is designed to 
safeguard the fuel from the high tem¬ 
peratures in the event of an accidental 
Earth reentry. The graphite impact 
shell protects the fuel in the event that 
the GPHS hits a hard surface. The 
impact shell is made of the same 
graphite material as the aeroshell. 


The third layer, the iridium metal that 
shields the fuel pellet, can withstand 
temperatures higher than burning 
rocket propellant and can survive 
many years underwater without cor¬ 
roding. 

RTGs have been successfully used 
by NASA for more than two decades. 
In total, RTGs have been used on 23 
US missions, the Apollo moon mis¬ 
sions experiments, the Viking Mars 
Landers, Pioneer and Voyager mis¬ 
sions have all used RTGs. RTGs are 
currently providing electricity for Pio¬ 
neer 10 and 11, Voyager 1 and 2, and 
the Galileo probe launched last year. 

RTG Mishaps 

RTGs have been involved in three 
accidents. In all cases the RTGs per¬ 
formed exactly as designed. Early 
RTG models contained much less fuel 
than is used today and were designed 
to burn up and disperse their fuel at 


Technicians in Hangar AO on Cape Cnaveral Air Force Staton continue preflight checkout and testing 
ot the Ulysses spanaiatt Ulysses will be fitted with its RTGs shortly before launch. NASA 


The RTG 

RTGs consist of two main elements 
- the thermoelectric converter and a 
general purpose heat source. The 
Department of Energy (DoE) is re¬ 
sponsible for the development, design 
and fabrication of the power and heat 
systems. 

The principle of converting heat di¬ 
rectly into electricity was discovered in 
the early 19th Century by Thomas 
Seebeck. When two electrical conduc¬ 
tors of different material are joined in 
a closed circuit and the two junctions 
are kept at different temperatures, an 
electrical voltage is produced. Such 
pairs of junctions are called thermo¬ 
electric qouples or thermocouples. 
The thermocouples in an RTG convert 
the heat generated by the natural 
decay of plutonium-238 dioxide into 
electricity. 

The General Purpose Heat Source 
(GPHS) contains the plutonium-238 
oxide. The fuel is hot-pressed into 
ceramic pellets and encased in iridium 
metal. The encased pellets are known 
as fuel clads and are slightly smaller 
than golf balls. The GPHS contains 
these pellets in a stacked column of 18 
individual modules, protected by three 
layers of material. The outermost 
layer is called the aeroshell. Each 
aeroshell contains two graphite im¬ 
pact shells and each graphite impact 
shell contains two fuel clads. 
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STS-41 Mission Specialists Thomas Akers and Bruce Melnick with a model o< Ulysses. Akers will be 
responsible tor the deployment of the probe. Melnick is resting his hand on the RTG. NASA 

high altitudes. Tliis design proved reentered the atmosphere and im- 

successful during a 1964 accident pacted in the South Pacific Ocean in 

involving a SNAP 9A generator on the the region of the Tonga Trench, where 

US Navy’s Transit 5BN satellite. Ac- it remains to this day. Air and water 

cording to the Atomic Energy Commis- samples taken by the US in the vicinity 

sion, this accident contributed less of the reentry found no evidence of fuel 

than 5% to the total level of plutonium release. 


high altitudes. Tliis design proved 
successful during a 1964 accident 
involving a SNAP 9A generator on the 
US Navy's Transit 5BN satellite. Ac¬ 
cording to the Atomic Energy Commis¬ 
sion, this accident contributed less 
than 5% to the total level of plutonium 
isotopes in the upper atmosphere. 

Following the Transit accident, all 
RTGs have been designed to retain 
their plutonium-238 dioxide fuel in the 
event of an accident. 

In May 1968, two SNAP 19 (Space 
Nuclear Auxiliary Power) RTGs 
landed intact in the Pacific Ocean fol¬ 
lowing a launch failure of a Nimbus B- 
1 weather satellite. The two RTGs 
were recovered from the Santa Bar¬ 
bara Channel five months later. There 
was no release of radioactive materi¬ 
als. The nuclear fuel from the SNAP 
19s was reprocessed and later re¬ 
launched on new RTGs. 

In April 1970 the astronauts of 
Apollo 13 were forced to use their 
Lunar Module as a life boat when an 
oxygen tank exploded enroute to the 
Moon. The Lunar Module carried a 
SNAP 27 RTG to power the lunar sur¬ 
face experiments. As they ap¬ 
proached the Earth, the Apollo 13 crew 
transferred to the command module 
and returned safely. Meanwhile, the 
Lunar Module containing the RTG 


Groups Will Try to Block Launch 

The three US organisations cam¬ 
paigning against the Ulysses launch 
are: the Committee to Bridge the Gap, 
the Christie Institute and the Florida 
Coalition for Peace and Justice. 

The groups are asking NASA to use 
alternative power sources for Ulysses 
and future planetary probes. Solar 
arrays would be not be feasible be¬ 
cause of the distance these space¬ 
craft have to operate from the Sun. In 
addition Ulysses and Galileo will be 
exposed to the harsh radioactive en¬ 
vironment of Jupiter which would se¬ 
verely damage solar cells. According 
to NASA if Galileo had been powered 
by solar panels it would have required 
a 2,000 square foot solar array weigh¬ 
ing more than 1,000 pounds to supply 
the same amount of power provided by 
the spacecraft’s two RTGs, each of 
which weighs 124 pounds. Neither the 
Shuttle/lnertial Upper Stage (IUS) 
combination nor the spacecraft pro¬ 
pulsion system could have accommo- 
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deaths in Florida. NASA strongly de¬ 
nies these atlegations. 

Launch Accidents 

Studies of the Challenger accident 
indicate the pressure in the explosion 
was well under the pressure required 
to cause any release of plutonium had 
RTGs been onboard, the space 
agency says. 

During an extensive evaluation 
period the RTG and its components 
were subjected to explosion overpres¬ 
sure, impact, fragment, flyer-plate 
and fire tests representative of poten¬ 
tial accident environments. 

Explosion overpressure is meas¬ 
ured in two ways. The RTGs were 
tested to 2,000 psi static shock over¬ 
pressure (i.e. the change in pressure 
measured on a surface parallel to the 
direction of a blastwave as it moves 


tested to 2,000 psi static pressure the 
front of the RTG test specimen experi¬ 
ences 19,600 psi reflected pressure 
(i.e. the peak pressure experienced at 
the front of the RTG as it is enveloped 
by a blastwave). 

The worst case static pressure re¬ 
sulting from a hydrogen-oxygen ex¬ 
plosion on the launch pad is 2,075 psi. 
The corresponding reflected pres¬ 
sure, considering the low energy den¬ 
sity of hydrogen-oxygen explosions, 
is predicted to be 5,300 psi. 

NASA also points out that during the 
Challenger accident the major compo¬ 
nents of the IUS and its payload came 
out of the payload bay relatively intact 
and fell 50,000 feet to the ocean. The 
IUS did not accidentally ignite. 

However, according to the DoE, 
there are some unusual events that 
could result in release of the radioac- 


Booster failed by case rupture during 
the early seconds of launch and if a 
fragment of the booster struck an RTG 
at just the right angle, then the protec¬ 
tive material could be breached and a 
small amount of fuel released. 

An accident during launch would 
most likely take place on or near the 
Kennedy Space Center. In such a case 
a specially designed and equipped 
Radiological Control Center would 
direct emergency actions on the prem¬ 
ises. It would coordinate monitoring by 
prepositioned field teams, ground- 
radiation detectors and aerial equip¬ 
ment. 

In such an emergency, a nearby 
Federal Radiological Monitoring and 
Assessment Center would be acti¬ 
vated. From this centre, the DoE would 
supply the State of Florida with moni¬ 
toring and assessment data. 
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ULYSSES 


Danger from Reentry 

The protestors claim there is also a 
danger If Ulysses failed to leave Earth 
orbit and reentered the atmosphere 
due to a malfunction of its IUS booster. 
The groups are also concerned about 
the two Galileo Earth flybys, the first 
of which will occur on December 8. 

The RTGs have been designed to 
withstand the soil, sand or water im¬ 
pact that they would most likely suffer 
after an orbital reentry but the DoE 
concedes an impact on a hard surface 
such as granite could lead to a small 
release of radioactivity. In the event of 
an RTG reentry specially equipped 
DoE air and ground recovery teams 
would be dispatched to locate and 
recover the RTGs. 

The reentry of the Galileo probe 
during an Earth flyby poses the great¬ 
est threat because of the higher veloci¬ 
ties involved, although the chances of 
such an accident are said to be one- 
in-two million. Dispersion of the RTG 
contents could occur says NASA. 
According to the space agency ‘there 
is an estimated one-in-ten million 
possibility of a small number (less than 
10) of cancer fatalities in a population 
of 70,000 over a 70-year period. For 
comparison, some 14,000 cancer fa¬ 
talities in the same population would 
normally occur over the same period 
of time.’ 


In the event of an Earth flyby reen¬ 
try the DoE would deploy an emer¬ 
gency response team to locate any 
RTG components. After determining 
the location of these components, the 
DoE would then send in recovery 
teams to retrieve them. 

RTG Health Risks 

The radiation produced by pluto- 
nium-238 dioxide is primarily in the 
form of alpha particles which are 
blocked by a sheet of paper. Plutonium 
must be taken into the body and irradi¬ 
ate living cells to cause harm. 

Because plutonium dioxide Is a ce¬ 
ramic it is highly Insoluble in water and 
cannot easily travel through the envi¬ 
ronment and become incorporated 
into the food chain. Even if swallowed 
plutonium dioxide particles will gener¬ 
ally pass through the body harmlessly 
without being absorbed. 

The major method by which pluto¬ 
nium-238 can enter the body is by 
being inhaled, absorbed by the lung 
and subsequently retained by the 
body for long periods of time. Only then 
can it become a long term hazard. 
However, in order to be inhaled the 
plutonium dioxide must be crushed 
into a fine dust. 

US Government Approval 

RTG missions must complete rigor¬ 


ous and multiple reviews prior to re¬ 
ceiving launch approval. The safety 
analysis review process is an inde¬ 
pendent review mandated by Presi¬ 
dential directive involving more than a 
hundred people for NASA, the DoE, 
the DoD and a number of other federal 
agencies and universities to assess 
safety test results and conclusions. 
Not until the completion of these mul¬ 
tiple review processes, finalised by 
formal approval from the White House 
Office of Science and Technology 
Policy or by the President himself, will 
any NASA mission carrying nuclear 
materials be launched. 

More RTG Missions Planned 

NASA is already planning more 
missions powered by RTGs. The 
Comet Rendezvous Asteroid Flyby 
(CRAF) spacecraft, scheduled for 
launch in August 1995, will be 
equipped with two RTGs as will the 
Cassini probe to Saturn, due for 
launch in April 1996. NASA is also 
planning to use nuclear power on a 
future manned lunar base. Manned 
and unmanned missions to the surface 
of Mars will almost certainly be nuclear 
powered. 

Legal action Is not expected to affect 
the Ulysses launch but NASA must 
expect similar protests before future 
launches carrying nuclear material. 


VISION OF SPACE 

Soar above the red deserts of Mars, marvel at ringed 
Saturn from the craggy surface of one of its moons. Trav¬ 
elling through the Solar System is much easier than you 
thought: simply invest in a 40-silde set of space art avail¬ 
able now. 

This is your chance to own a superb 40-slide collection 
showing the best works of Space Art pioneer Chesley 
Bonestell, a Fellow of the Society. 

“Chesley Bonesteil’s pictures,” Wernher von Braun 
once said, “are more than just reproductions of beautiful, 
aethereal paintings of worlds beyond. They present the 
most accurate portrayal of those far-away heavenly 
bodies that modern science can offer.” 

For the incredibly low price of £18 (US$32), including 
P&P and VAT, you will receive 40 slides showing the 
golden age of Bonestell from the late 1940’s to the 1960’s, 
in their own presentation box, together with a cassette 
tape describing the pictures. 

Pictures presented include: “Lunar Landscape,” 
“Moon Landing,” “Eclipse of Sun by Earth,” “Creation of 
the Moon’s Mare imbrium,” The Planet Saturn,” “Recov¬ 
erable Winged Shuttle Vehicle,” “Baby Space Station," 
The Planet Mars” and many more. 

These pictures are now collector’s Items, so only a 
small number are available. 

To be sure of your set send your order and remittance 
now to: The British Interplanetary Society, 27/29 South 
Lambeth Road, London SW8 1SZ. We will dispatch your 
slide set and cassette immediately while stocks last. 
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Soviet Cooperation Gives 
Hotol a New Lease of Life 


British Aerospace Space Systems 
and the Soviet Ministry of Aviation 
Industry are to study launching a 
Hotol-type spaceplane from an 
Antonov An-225 heavy transport 
aircraft, it was revealed at the 
Famborough Air Show. 


carrier aircraft 


Famborough Reports 
By Steven Young 


proposed is a 
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Hotol was first revealed at Farnbor- 
ough in 1984. In October 1985 the Gov¬ 
ernment, British Aerospace and Rolls 
Royce jointly funded a two year Proof of 
Concept Study. However, in July 1988 the 
Government announced the it would be 
unable to fund further studies but would 
support British Aerospace efforts to seek 
international collaboration. During the 
negotiations with the Soviets the Govern¬ 
ment has been fully informed. 


New Upper Stage for 
China’s Latest Launcher 


The Great Wall Industry Corpora¬ 
tion (GWIC) of China has 
fully launched the latest version of 
its Long March family. Fitted with 
a cryogenic upper stage the Long 
March 2E will rival Europe's Ari- 
ane 4. 

The LM-2E is capable of placing 8,800 
kg into low Early commercial 

missions will use a PAM-type upper stage 
to reach Geostationary Transfer Orbit - 
(GTO). In 1995 the LM-2E will use the 
cryogenic third stage to lift up to 
4,500 kg to GTO, Wang Lu, GWIC Deputy 
General Manager told Spaceflight 

The Long March 2E made its maiden 
flight on July 16 from a new launch com¬ 
plex at Xichang in southwest China. 

The new launch vehicle, standing 51 
metres high, is bascaly a stretched ver¬ 
sion of the LM-2C with the addition of four 
liquid propellant strap-on motors. The 
first, second and strap-on stages use 
UDMH/N ? 0 4 hypergolic propellants 
which ignite on contact. Wang Lu said the 
strap on boosters are based on the LM-1. 

The LM-2C carried three payloads: a 
variety of instruments to measure the 
performance and characteristics of the 
launch vehicle, a 

Badr-1, P ’s satellite. Badr-1, 
was placed a 989 x was 

built by Pakistan Space and Upper 
Atmosphere Research Commission and 
weighs about 50 kg. Yang Liyi, GWIC 
President, told a Famborough press con¬ 
ference Pakistan was charged $300,000 
for the launch. 

The LM-2E is scheduled to launch two 
Aussat B communications satellites in 
1991 and 1992. However, the launches of 
US-built satellites still require final ap¬ 
proval from the US Administration. 

The decision to design and manufac- 



The LM-2E launch from a 

now complex at 

ture the LM-2E was made at a State Coun¬ 
cil conference chaired by Premier Peng 
in 1988. Production of the new rocket was 
completed within 18 months, much less 
time than the average four or five years 
usually needed said Chinese officials. 

According to Wang Lu the launch of the 
first LM-3A would be delayed until 1994, 
two years later than originally planned. 

Famborough reports 


Cape York Project Moves Forward 


The Cape York Space Port had a mod¬ 
est presence at Famborough. The 
United Technologies stand featured a 
small display on the project The com¬ 
pany’s USB! division wlil man¬ 

ager for the venture which will see 
satellites launched on Soviet 
rockets from Australia. 

The Cape York Space Agency now 
faces the task of raising the $400-600 
million capital it needs to build the space 
port. 

Dick Rubino, USBI’s director space 
activity, told Spaceflight he has made 
n a several prospective 

Cape York customers. He also antici¬ 
pates launch contracts from the USSR 
and Eastern Europe. 

USBI employees soon start train¬ 


ing to launch Zenit boosters, he said. 
Company officials plan to be at the next 
Zenit launch scheduled for September/ 
October. 

The first two launches from Cape York 
will carry Soviet-built satellites. The 
launches will be carried out by the Cape 
York team with Soviet officials present to 
oversee the work. Once these demon¬ 
stration missions have been success¬ 
fully completed the launches will be con¬ 
ducted by an entirely US/Australian 
workforce. 

Rubino revealed that the Soviets have 
a s ockp le of about 100 Zenits. Yuri 
Smetanin, designer of the booster, told 
Spaceflight in March that there had been 
fewer Zenits launches than originally 
planned because of budget cuts. 
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Ariane Puts Skynet 4 & Eutelsat II 
in a Near Perfect Orbit 


The mission blasted off 

from Kourou, French Guiana on Au¬ 
gust carrying the final Skynet 
for the UK Ministry of Defence and 
the first Eutelsat communica¬ 
tions satellite for European Tele¬ 
communications Satellite Organi¬ 
sation. The two satellites were 
placed In almost precisely the In¬ 
tended orbit. 

The lift-off from launch complex ELA-2 
followed a trouble-free countdown. 
Skynet arrived in Kourou in June 

15 and was followed by Eutelsat FI a 
month later. Assembly of the Ariane 4 
began on July 11 and vehicle was 
to the launch pad on August 9. 
The two satellites were placed atop the 
Ariane on August 23. Eutelsat was 
housed inside a British Aerospace 
SPELDA compartment, with Skynet 4 
mounted above. 

Blast-off came at 19:46 Kourou time 
(23:46 BST). The Ariane equipped 
with two solid and two liquid propellant 
boosters made a perfect launch. When 
geostationary transfer orbit was 
achieved, 17 min 51 sec after lift-off, the 
booster was in almost precisely the in¬ 
tended orbit: 

Perigee: 200 (200 km intended) 

Apogee: 36,041 km 

(36,019 km intended) 

Inclination: 7.00 degrees 
(7.00 degrees intended) 

The Ariane 4 navigation and flight con- 
systems are provided by GEC Mar¬ 
coni. The gyro packs are supplied by GEC 
Ferranti Defence Systems and the criti¬ 
cal flight software by EASAMS Limited. 
The EASAMS software, which is custom¬ 
ised for each individual Ariane mission, 
controls .the launcher’s flight pro¬ 
gramme. 

Shortly after the launch Captain Chris¬ 
topher Sloane of the Ministry of Defence 
said that the accuracy of the launch could 
extend the lifetime of Skynet 4 by five 
years. 

The next launch is scheduled 








I 


Ariane V38 pictured the day before launch 
place SBS-6 and 

VI into orbit. The two satellites arrived in 


on August 7. Assembly of the 
44L booster began in mid-August 


Ariane Payload: A First for Marconi 


launch of Ariane V38 represented a 
unique double for Marconi Space Sys¬ 
tems For time 

based company had two payloads 
launched simultaneously. 

Skynet 4C is the third of three communi¬ 
cations satellites for the Ministry of 

fence. The satellite was built by British 
Aerospace Space Systems with Marconi 
responsible for the design, manufacture 
and integration of the communications 
load. 

The spacecraft fired Apogee 


Motor latstch complete 

geostationary orbit The two so¬ 
lar arrays were unfurled on September 3. 
The following day Skynefs main antenna 
was deployed. The spacecraft is being con¬ 
trolled by a ground station at RAF 
Oakhanger Hampshire. Skynet 4C is now 
drifting towards its permanent-position of 
one degree west over the Gulf Guinea. 
The satellite is expected to be declared 
operational in December. 

Eutelsat FI a new 

European Tetu canmu nice- 


tion8 Satellite organisation. Marconi, a prin¬ 
cipal sub-contractor been responsible 
for the telecommunications repeater, inte¬ 
gration and testing. 

The 1,085 kg can hancie 25,000 

simultaneous telephone half circuits and 
nine television channels. From posiinn 
in geostationary orbit at 13 daises east, 
Eutelsat covers a vast zone 
land Turkey and from to 

North Africa. The satellite was 
tured by a European by 

Aerospatiale. 
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Ariane Wins 
Brasilsat Contract 

Embratel Chairman Carlos de Palva 
Lopez and Arlanespace Chairman and 
CEO Charles Bigot signed a 
September for the launch of 
generatl n Brasilsat spacecraft In 
Rio de Janeiro . 

be 


ESA Approves 
Cassini 

ESA Council at Its meeting In 
Paris on 27 and 28 June 1990 
unanimously approved the Interna¬ 
tional agreement between ESA and 
NASA to work on one of the 
most Important planetary missions 
ever, Joint NASA-ESA Cassini 
Mission. 


surface 


now final- 


Atlas Wins First 
Japanese Launch Contract 


General Dynamics Commercial 
Launch Services (CL§) signed an 
agreement with General Electric 
to launch the Japa BS-3H sat¬ 
ellite on an Atlas vehicle from 
Cape Canaveral in April 1991. 



Spaceflight 


Ariane Launch Schedule 


Flight Date Vehicle Payload 


* Auxiliary Payload 
SARA. UOSAT F and AT 


Structure for Auxilary Payloads (ASAP) with TUBSAT, 
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Hubble Defect Cause Found 

‘A Single, But Costly Error’ 

Investigating the Space Telescope (HST) 

discovered why the observatory from spherical aberration, 

by JPL Director Dr Lew was established in June discover how the mirror 

Incorrectly shaped and why the error not delected. 

Following its meeting at the Hughes caused by a single, costly 

Danbury Optical Systems plant on Au- error,” Allen in a statement 

gust 15/16, the Hubble Investi- After a fourth meeting at Hughes 

gation announced that the Danbury the announced incor- 

t el escape's spherical was due red spacing in null was caused 

to a spacing in the reflective null by a metering used in an inverted 

corredor, an optical reference device position. 

used measure the surface the HST The is investigating why the 

primary mirror during its manufacture. spherical 

investigation determined null was 

a spacing of 1.3 mBIi- during extensive testing of the telescope 
metres. An amount which, by itself. primary mirror. 

account for the entire observed spherical The Hubble Board of Investigation 
of 0.5 wave rms. plans publish its full report in Novem- 

“Thus the spherical a erration ap- ber. 

The European Space Agency has released results ol 'deconvolution* technique 

more images from its Faint Object Camera applied to the raw image, the improvement in 

(FOC). This image is of the young, compact the quality of the image immediately appar- 

star cluster R136 in the centre of the 30 ent. 

Doradus nebula. The lower left frame a image of 

A FOC image of the cluster taken in the the same times magnifi- 

96 mode is shown in the top left frame (below). taken the FOC in light 

The FOC image highlights the high resolution in the mode. In this fog due to 

of the Hubble Space Telescope, by separat- the aberration is much more pro- 

ing far more clearly than even the nounced. the image 

conventional ground-based photographs. on the lower right the brightest 

Note the aberration of the primary mirror object in R136 actually consists of 

causes part of the light from the to separated by 0.06 - a reso- 

defocused. Nevertheless, for star clusters lution approaching the theoretical limit of the 

and similar kinds of relatively simple objects, telescope. Note that the f/96 and images 

computer-processing techniques hold great are taken different and exposure 

promise for removing this fog from the im- times so the brightness of the in the two 

ages. The top right hand frame shows the images are not the same. 
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Soviet Bid for 
Inmarsat Launch 

list of bidders 
for Inmarsat 

Soviet Union’s Glavkosmos and 
Morsvlazsputnlk, offering the Proton 
vehicle. 

Among 

anespace. China Great Wall Industry 
Corporation, General Dynamics and 
McDonnell Douglas. But Proton’s price 
reliability give it , 

coning vice-president 

general manager of Comsat Mobile 
Communications. 

a recent industry gathering 
Inmarsat save $100 by 

turning to the Soviet Union third 

generation launches. TMor Proton’s 
launch success rate be ignored,” 

The Inmarsat 3 is due for in 

the mid-1990s. 

French Mir 
Men Named 

F ch space 

chosen two candidates for 1992 
Joint Soviet-French mission to Mir. 
During the 12-day An tares 
French cosmonaut will conduct a 
ety of experiments the Soviet 

space station. 

Michel Tognini and Jean-Pierre Haign- 
ere have been selected from 
dates, two of whom were a 

series of tests, including language 
ing abilities, CNES named six prvtcfoal 
candidates who were sent to Star City 
found for space flight, 
cessful candidate will join the French 
astronaut corps. 

The selection of Col. Tognmi 
widely expected. In 1986-88 he under¬ 
went cosmonaut training at City 
acted as back-up for Jean-Loup 
for the last Soviet-French mission 
1988. Col Haignere has the 

CNES cosmonaut team since 1986. He is 
42 years old and a former test pilot. At 
present he heads the manned flights 
department at CNES and is h vi in¬ 
volved in the Hermes programme. 

“Our participation in the joint manned 
mi Mir has two goals,” said 

CNES Deputy Director, Daniel Sacotte. 

we will use the Soviet station for a 
series of our experiments. Second, we 
are going gain necessary experience 
for participation in the Hermes and 
lumbus programmes. We want the first 
astronauts on board the Hermes space 
shuttle to be Frenchmen and are there¬ 
fore using this opportunity for their train¬ 
ing in the Soviet Union. This will be their 
serious advantage over candidates from 
other countries.” 

According to Mr Sacotte, CNES will 
pay $12 million for the Antares mission. 
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Titan 4 Motor Explodes 

A solid motor segment ignited 

when it was accidentally dropped at Ed¬ 
wards Air Force in California on Sep¬ 
tember 7. The segment was part an up¬ 
graded version of the solid rocket booster 
due for test firing at ards. accident 
a cloud of toxic hydrochloric gas 
which rose to a high altitude and dispersed 
away from populated areas the Air Force 
said. The upgraded motor is built by Hercu¬ 
les Aerospace. The accident will not delay 
current operations as the new motor 

due use until 1992. 

Second Pegasus Set 

The Pegasus air-launch space booster will 
make second launch in March next year 
Orbital Sciences Corporation says. A fur¬ 
ther launch is scheduled for July. Pegasus 
successfully launched a NASA/DARPA 
payload on April 5. The second flight of the 
winged booster has been delayed due to the 
late completion the seven small satellites 
that will make the payload. 


Second BSB Satellite 
Reaches Orbit 

The second satellite for British 
lite Broadcasting has been success¬ 
fully launched by a McDonnell Douglas 
Delta 

The direct broadcasting satel¬ 

lite was launched from Cape Canaveral 
Force Station at EOT on August 
17. The satellite was designed and manu¬ 
factured by Hughes Aircraft. 

The launch of marks the 198th 

launch of a McDonnell Douglas Delta 
rocket and the commercial mission 
the company. t 

The satellite joins BSB-R1 orbit, 

which was launched by a Delta in August 
1989. 

“We are delighted with another suc¬ 
cessful launch,” said Ellis Griffiths, direc¬ 
tor of engineering operations British 

Satellite Broadcasting. 



SATELLITE DIGEST-234 


Satellite Digest Is produced In two sections. Is In form of a each satellite’s name, Inter¬ 
national designation, launch and date launch site, launch vehicle, perigee, period and Inclination. Launch 

times are approximate, except marked with an asterisk, when tfme given Is that Issued by the launching agency. 
All times are GMT. Soviet launch vehicles have been named by DoD system of classification and when known by 

the Soviet name. Orbital data has been provided by Royal Aerospace Establishment The section. Satellite 
Data, contains notes on each satellite’s mission. 


GAMMA (1990-58A): A gamma ray obser¬ 
vatory based on the Soyuz/Progress series 
of spacecraft. Originally due for launch in 
Gamma has suffered numerous 
lays. (See Spaceflight, August 1990, p.262 
for illustration and further details.) 

BADR-1 (1990-59A): Pakistan’s satel¬ 
lite built by the Pakistan Space and Upper 
Atmosphere Research Commission. 
Weighing approximately 50 kg, the satellite 
is believed to be similar in ign the 
University of Surrey's UoSat design. 
Launched on China’s first LM-2E (see 
P-327). 

RE3URS-F7 (1990-60A): Recoverable 
satellite conducting Earth resources pho¬ 
tography. 

COSMOS 2065 (1990-61A): Geostationary 
telecommunications satellite. 

COSMOS 2066 (1990-02A): Photo recon¬ 
naissance satellite based on the Vostok 
capsule. 


SATELLITE DATA 


TDF-2 (1990-63A): A high power direct 
broadcasting satellite built by Euroeatellite, 
a consortium led by Aerospatiale. Posi¬ 
tioned at 19 degrees east 
DFS-2 (1990-63B): 11 channel multipur¬ 

pose telecommunications satellite built by 
German consortium R-DFS 
Bundespost 
degrees east. 

COSMOS (199044A): early warn- 

ing a highly efiptical orbit 

CRR S (1990-95A): birved 

lease and Radiation Effects Satellite, 
study the Earth's magnetic the 

fects of radiation on electronic compo¬ 
nents. Launch on Atlas 

I vehicle (see Spaceflight, September 
1990, p.298). 


COSMOS 2086 (1990-66A): Possibly also 
known as GE IK A geodetic satellite 
with retroreflectors for laser tracking. 

UPDATE 

(1990-50C to E): Three addi¬ 
tional payloads recently revealed by the US 
Air Force. by a 4 on June 

2077 (1990-42A): Reconnais¬ 
sance satellite - recovered July 4. 

2 (1990-27A): Israeli satellite - 
decayed July 9. 

(1974-50A): Early warning 
satellite - decayed about July 25. 

TRANSIT 7 (1983-22A): Navigation satel- 
- decayed August 

(1990-19B to 7): Reconnaissance 
satellite that broke up soon after deploy¬ 
ment from the Space Shuttle Atlantis (STS- 
36). fragments are now reported to have 
decayed. 


ORBITAL DATA 
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Quayle Gives NASA a Pep Talk 


Vice President Dan Quayle deliv¬ 
ered a morale boosting speech 
the Johnson Space Center on Sep¬ 
tember The address was 

mltted NASA employees live via 

satellite. 

The President spoke the dif¬ 
ficulties which have beset NASA this 
year. 

“Let’s face it. recently we've heard 
some criticism about problems, whether 
with the Hubble Space Telescope or the 
fuel leaks in the Shuttle,” he 
problems like these people have asked 
the question:' can NASA the job? My 
answer is simply: you can do 

the job. To our I say, just watch and 
see - we’ll get the job done. Take it from a 
guy who knows about unwarranted criti¬ 
cism: once they start piling on they don’t 
know when stop. 

•We’re fixing the things that are wrong 
with Hubble and the Shuttle and we’re 
moving on the next set of challenges 
that await us." 

The timing of Quayle’s speech was 
rather unfortunate. Within three hours the 
Space Shuttle Columbia was grounded 
again when a new fuel leak was discov¬ 
ered. The setback provided NASA critics 
with more ammunition. 

The Vice President attacked the 
budget cuts NASA has suffered this year. 

“This Administration submitted a 24% 


budget increase space this year,” he 

are in dan¬ 
ger being by doubters in the 
gress. Doubters who think we should live 
within our known limits, instead of ex¬ 
panding our horizons. Doubters who 
lieve that mankind’s destiny is forever 
anchored to a single planeL Doubters 
who scoff at America’s investment in 
space - which is an investment in the 
ture.” 

Quayle spoke the establishment 

the Advisory Committee on Future 
the US Spa Program. He said th< 
committee would make sure “we’re on 
right track.” 

Norm Augustine, the Chair¬ 
man the Advisory Committee, and his 
members to give a serious no-holds- 
barred examination our goals and 
jectives in space. The Augustine Commit¬ 
tee review will allow us to strengthen our 
space institutions, programmes and 
strategies. 

“This is a serious Some of the 

recommendations may call for changes 
in how we are organised and how we 
business. There’s nothing wrong with 
change. Thore is nothing wrong with 
challenging status quo. But, whatever 
changes we make, you should know that 
this President supports you. He supports 
NASA and he supports a vigorous space 
programme.” 


Aerospatiale 
Selected for Turksat 


The Turkish authority has se¬ 
lected a European consortium led 
by Aerospatiale provide a 
plete telecommunications satellite 
system. 

The telecommunications network, 
called Turksat, should be operational in 
1993. It includes two satellites be de¬ 
livered in-orbit, a control centre for 
ground operations and the associated 
services. The contract which is currently 
being negotiated, also includes 
tion of the launch vehicle. 

Turkish government has retained the 
right to select the launcher itself. 

To provide for Turkey’s growing com¬ 
munication needs, the satellites will each 
have 16 transponders in the band and 
will cover two zones: the whole Turkey 
and central Europe. They will provide 
telecommunications and television 
transmissions as well as new services 
such as video links and mobile communi¬ 
cations. 

The Turksat satellites will be inte¬ 
grated by Aerospatiale in facilities in 
Cannes. The major partners associated 
with Aerospatiale for the construction of 
Turksat are: Alcatel Espace in France 
and its Turkish subsidiaf/, Teletas, MBB 
in Germany and Execorp of France. 
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INTERNATIONAL SPACE REPORT 


Italian New 
ESA Chairman 

The delegates meeting at ESA head¬ 
quarters In Paris on June 1990 
unanimously elected Prof. Frances 
Carassa from Italy as their new chair¬ 
man for a period of two years. 

Francesco Carassa was born in 1922 
has a degree in Electrical Engineer¬ 
ing from Politecnico di Torino, 1946. 
From 1947 to 1962 he was at the Central 
Radio Laboratory of Magneti Marelli 
Company, and was Director of the same 
Laboratory from-1955 to 1962. In 1962 he 
left industry for University, becoming 
Professor of Electrical Communication at 
the Politecnico di Milano, where he 
formed the Centro di Studio per le Tele- 
comunicazioni Spaziali of the National 
Research Council. 

Rector of the Politecnico di Milano, 
1969-1972, he is presently President of 
the Scientific Council of the Centro di 
Studio sulle Telecomunicaziorii Spaziali, 
President of CSELI (Centro Studi e Labo- 
ratori Telecomunicazioni), President of 
the Istituto intemazionale delle Comuni- 
cazioni. Member of the Consiglio Superi¬ 
ors delle Poste, delle Telecomunicazioni 
e dell ‘Automazione and Chairman of the 
Telecommunications Advisory Commit¬ 
tee of ESA. He has been President and is 
now Honorary President of Italtel. 


Inmarsat-2 
Set for Launch 

The Inmarsat-2 FI maritime com¬ 
munications satellite Is undergo¬ 
ing final launch preparations a 
facility near Cape Canaveral. The 
satellite Is due to blast off on the 
200th McDonnell Douglas Delta on 
October 26. 

Positioned in geostationary orbit over 
the Atlantic, each Inmarsat-2 satellite will 
be capable of relaying up to 250 two-way 
voice circuits. Inmarsat provides 
worldwide telephone, facsimile, telex 
and data communications for ships, air¬ 
craft and road vehicles. 

This second generation of satellites 
increases Inmarsat’s capacity by three to 
four times and will make it possible to 
communicate from anywhere in the world 
with ever smaller user terminals, some of 
which are small enough to into a brief¬ 
case. 

Inmarsat-2, built by an international 
consortium headed up by British Aero¬ 
space, is based on the Eurostar platform. 
It weighs 1,385 kg and, with its solar ar¬ 
rays fully extended, has a wing span of 
just over 15 metres. 

The second Inmarsat-2 satellite will be 
launched by a Delta early next year and 
the third and ourth aboard Ariane ve¬ 
hicles. 


w 
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Two BAe technicians work on the lnmarsal-2 FI 
satellite at the Astrotech Facility near Titusville. 
Florida The satellite 

October. Morgan 


Power Applications 
in Space 

one day meeting ^sponsored by the UK Pulsed 
Power Association Is to be held at the Culham 
Laboratories of AEA In November on a date to be 
arranged. 
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Edward C. Stone to Lead JPL 


The President of the California 
Institute of Technology (Cal¬ 
tech), Dr Thomas E. Everhart, 
announced on July 18 that Dr 
Edward C. Stone will be the next 
Director of the Jet Propulsion 
Laboratory. The present Direc¬ 
tor of JPL, Dr Lew Allen, Jr, will 
remain in his post until Decem¬ 
ber of this year when he will re¬ 
tire as Director and as a vice 
president of Caltech. 

1936) 

1972 
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"Ur Edward C. Stone, Voyager Project and a president will assume the posi- 

Proputsian Laboratory, replacing Allen, Jr retiring. 
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These six colour images were taken at a range of 6000 million km as part of a 'family portrait* of the solar system. images of Uranus 

Neptune are smeared due to spacecraft motion during exposure times. appears to be a band of light because, coincidentally, it lies 

in a scattered light ray resulting from the image so to the 


When particulate matter was discovered In 1983 by the Infrared Astronomi¬ 
cal Satellite (IRAS) to orbiting a few nearby stars, a wave of excitement 
swept through the astronomical community. Could this phenomenon rep¬ 
resent planetary systems one stage of their evolution? An Image of one 
of the IRAS-dlscovered systems, associated the star Beta Plctorls, was 
taken an Earth-based telescope (see Space at JPL In the February 
Spaceflight ) and supplied a new human perspective for viewing the cos¬ 
mos. Recently, an undoubted system of planets, six of those In our solar 
system, was captured a portrait by the distant Voyager 1 spacecraft, 
yleldl g a synoptic view of our roosting place and adjacent perches. 


The imaging activity took place on 
February 14, 1990 and is the last 
planned use of the spacecraft’s two 
cameras: a wide-angle (3.1 degree 
field-of-view) and a narrow-angle 
(0.424 degree field-of-view). Since 
their launches In 1977, the two Voy¬ 
ager spacecraft have taken about 
67,000 images during their traverse of 
the outer solar system. These final 


frames, 39 wide-angle and 21 narrow- 
angle, conclude imaging activities 
with a bang and not a whimper. The 60 
images were stored on the space¬ 
craft’s tape recorder and played back 
to at various times in late March, 
April, and early May. 

Vo'yager 1 is uniquely positioned for 
viewing the system as a whole. 
After Its encounter Saturn In 


1980, the spacecraft was slung above 
the ecliptic at an angie 32 degrees. 
Proceeding outward from the Sun at 
3.5 AU per year, it was about 40 AU at 
the time of the imaging. An “AU” or 
“Astronomical Unit” is the average 
distance between Earth and Sun, 
about 150 million km. Hence, Voyager 
1 at 40 AU was removed from the Sun 
by approximately 6 thousand million 
km in February. It is the most distant 
spacecraft from the Sun and is also 
moving outward more rapidly than the 
three other spacecraft that are escap¬ 
ing the solar system: Voyager Pio¬ 
neer 10, and Pioneer 11. 

portrait was planned to provide 
not only images of the planets but 
the segments between them. Starting 
at Neptune - Pluto was too faint to be 
imaged - a series of Images was cre- 
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Venus 


Saturn 


Mercury .. Mars 


Neptune 


Uranus 


The Voyager spacecraft photographed of the nine planets of the solar system from a distance of 6000 million km from the Sun in February 
plan of the set of imaging frames is shown in drawing (Mars and Mercury not in the actual images). 


ated between that planet and Uranus, 
then Saturn. The planets closer to the 
Sun (Jupiter, Mars, Earth, and Venus) 
were captured in the final frames. 
Mercury was lost in the Sun’s glare, 
and the image of Mars has not been 
positively identified. Special process¬ 
ing techniques have revealed a hint of 
Earth’s satellite, the Moon. 

One way of obtaining some sort of 
intuition about the visual texture of the 
universe is through contemplation of 
a series of images at different scales, 
of which the Voyager portrait com¬ 
prises one link. A start can be made by 
leaping a few hundred feet into the air 
with the aid of that marvellous book, 
Above London, by Robert Cameron 
and Alistair Cooke. (Geographically, it 
might be more appropriate for me to 
opt for Above Los Angeles by 
Cameron). The view of Charing Cross 
from a suspended vantage adds a 
serene dimension to the bustling two 
that one normally senses. 

An airplane trip from London to Los' 
Angeles reveals much; flying just 
above or just below a cloud deck, al¬ 
though often a bumpy experience, is a 
dramatic integration of technology 
into the natural world. The next step up 
might be the view from an Earth-orbit- 
satellite such as Landsat, and 
continuity can be achieved by zoom¬ 


ing 900 km back to Earth via computer¬ 
generated movies (see the June 1988 
edition of this column for details of how 
this has been done). 

The stunning images of a blue-and- 
white Earth taken two decades ago as 
part.of the Apollo program are candi¬ 
dates for the most effective views from 
space, particularly when they are 
contrasted with the grey, austere lu¬ 
nar surface. Receding another step, 
Voyager 1 photographed Earth and 
Moon together in a single frame taken 
on September 18, 1977, from a range 
of 11.7 million kilometres from Earth. 
When Galileo flies by Earth this De¬ 
cember and again two years hence, as 
steps on its gravity-assisted path to 
Jupiter, opportunities for additional 
perspectives on the Earth-Moon sys¬ 
tem will present themselves. 

Sweeping out through the solar 
system, we come to Voyager 1’s re¬ 
cent exercise in portraiture. Larger 
scale views are not now attainable 
except through analogy: the Beta Plc- 
toris system (but much more con¬ 
gested than our solar system); the 
local field of stars (go out under the 
night sky with Garrett P. Serviss as 
your guide: see the December 1988 
Space at JPL); glimpse the star clouds 
of the Milky Way (they are especially 
beautiful in Cygnus in summer); view 


the Andromeda Galaxy, which ap¬ 
pears as only a smudge to the naked 
eye in the sky of autumn; look at asso¬ 
ciations of galaxies in a textbook on 
astronomy. Above the scale of the 
observable universe we are left with 
theories of superspace or philosophi¬ 
cal excursions. 

partial symmetry, where the 
viewer becomes the viewed, results 
from the practice of optical tracking of 
spacecraft. The perspective is not as 
grand, but it does convey a similar 
feeling of fragility among the immen¬ 
sities. For me, the quintessential ex¬ 
perience was watching the last Apollo 
mission through a 16-inch telescope 
as the Command and Service Module, 
containing three astronauts, sped 
toward its rendezvous with Earth in 
December 1972. Other experiences, 
summarized in “One Eye at the Tele¬ 
scope” in the January 1983 
Spaceflight, included observation of 
the Apollo 13 in-flight explosion and 
optically monitoring the damaged 
spacecraft as it returned to Earth. 

A view of the universe - Ptolemaic, 
Copernican, or today’s - is the accu¬ 
mulation of scientific and cultural 
components. Voyager 1 has supplied 
a piece of that larger perspective for 
those who care to use it. 
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— SOCIETY MEETINGS DIARY 


Lectures 

3 October 1990 7pm-&30pm 

SPACE SCIENCE AT JPL 

W.l. cLau h in 
ci g 

P i 

Gali¬ 

leo 



Infrared Telescope Facility (SIRTF) 


Obser- 

i 

c man- 

by JPL. 

Venue: The Conference Room, The 

British ci , 

South Lambeth Road, SW8 

1SZ. 

Admission is by ticket only. Members 
should apply in good time enclosing a 
stamped addressed envelope. Sub¬ 
ject to space being available members 
may also apply for a ticket for one 
guest. 


17 October 1990 7 pm - pm 

BRITAIN AND THE 
WORLD SPACE SCENE 

B. 

Science Writer specialising in Space 

Britain can aim for leadership in space 
by supporting HOTOL developing 
nuclear rocket engines. The two proj¬ 
ects could eventually lead a major 
reduction in the cost of space flight. 

Venue: The Conference Room, The 

British Interplanetary Society, 

South Lambeth Road, 

Admission is by ticket only. Members 
should apply in good time enclosing a 
stamped addressed envelope. Sub¬ 
ject to space being available members 
may also apply for a ticket for one 
guest. 


Symposia 

24 1990 10am-4.30pm 

INVESTING FOR THE 
FUTURE 

Third BIS Space Infrastructure 
Symposium 

third BIS 

n 

which 


Orbit 


P c 


tary ci 
Offers of P rs: 

Ex- 

Registration: 

Please 

enve¬ 

lope. 


31 October 1990 10am - 4.30pm 

THE BLACK ARROW 
ROCKET 

Black 


the 

could have been a con¬ 
tinuing British triumph, will include:- 

Cancelled - The Story of British Rocketry 
up to Black Arrow 

The Black Arrow Rocket 
Black Arrow Propulsion 

The Black Satellites (X2, X3 and 

X4) 

Black Arrow in Australia (Personal ac¬ 
counts of Trials.) 

Venue: Conference 

South m h 

Offers of further Papers 
Registration: 

from the Executive Secretary. Please 
enclose a stamped addressed enve¬ 
lope. 


International Meetings 

1-3 October 1990 

TOWARDS COLUMBUS 
AND SPACE STATION 


Registration: 


6-13 Octob r 1990 

41st IAF CONGRESS 

ng 


of 

The 

of 

Space ch f 


Registration: 


lope. 


11-13 April 1991 

POWER FROM SPACE ‘91 

The path to making power from space 
alable to mankind is long and diffi- 
but for that reason it is neces- 
This meeting, or- 
d Societe des Electri- 

ciens et des and the 

and co-sponsored by the Society, 
address the major issues of power 
from space. 

Venue: Ministry of Research and 
Technology, Paris, France. 

Registration: Forms are available 
from the Executive Secretary. 


LIBRARY OPENINGS 


first Wednesday of 
each month (except August) be¬ 
tween and 

Some closures may be required 
later in the year as work on the Ex¬ 
tension to our HQ gets under way. 

Membership cards must be pro¬ 
duced. 
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Shuttle Faces Laun 



Ulysses Launch Window 
Just 19 Days Long 

The launch of STS-41 poses one of the greatest challenges the Shuttle 
programme has yet had to face. The Discovery crew is due to deploy 
the Ulysses probe, a joint ESA/NASA project to explore the regions 
around the solar poles. Ulysses will use the gravity of the planet Jupi¬ 
ter to accelerate It out of the ecliptic plane on trajectory over the north 
and south poles of the Sun. To reach Jupiter the probe must blast-off 
during a launch window just 19 days long. STS-41 Lead Flight Direc¬ 
tor, Milt Heflin briefed Spaceflight on Discovery’s mission. 






( 34 3) 


I STS-41 PREVIEW 




STS-41 PAYLOAD BAY CONFIGURATION 


SSBUV 


to fly in space. * Ulysses will be propelled towards 

rendezvous with Jupiter by a hybrid 
Tight Launch Window upper stage consisting of Inertial 

STS-41 has the shortest Shuttle Upper Stage (IUS) and a Payload 

launch window In the history of the Assist Module (PAM-S). 

programme. The window opens on 

October 5 and closes on October 23. Ulysses Deployment 
The length of the window on any par- There two differences from our 
ticular day varies from. 2 hours 35 normal IUS deploy," Milt Heflin told 

minutes down to just eight minutes. Spaceflight “One of them is related 

The table below gives the opening and to Ulysses. The Ulysses team out at 

duration, of the launch window on each JPL, on the'. West Coast, will transmit 

day. If the launch is postponed on two to the spacecraft a series of com- 

cbnsecutive days, lift-off will be de- , mands to give it the right load of brains 

layed. hours give the launch team based upon the actual launch time and 

and astronauts a one-day rest. • its actual location so that whenever 

they are deployed arid on their way the 
The Mission computers have the right times be 

If all goes to plan, Discovery will ready for deep space acquisition, the 

blast off from launch complex 39B at right kind of spin rates and so on. 

07:35 on' October 5. The orbiter will “On the IU.S side the only difference 
follow-a direct insertion launch profile. is on the third stage. The PAM-S has a 

The main engines will lift the Shuttle to nutation control system to ensure that 

a 156 by 39 nautical mile-(nm) orbit. the third Stage doesn't wobble and has 

Discovery's two Orbital Maneuvering a fixed line pf thrust. We do a checkout 

System (OMS) engines will then fire to of that system before deploy." . 
circularise the orbit at ‘altitude of , Following checkouts of the IUS/ 

160 nm. • - PAM-S and Ulysses systems the for- 

Cabana will open Discovery’s pay- ward payload restraints are released 
load bay .doors about one and a half and support structure will tilt Ulysses 
hours after, launch. Preparations for ■ and Its upper stage to 29 degrees. 

-mission control will 
give the astronauts a ‘go* for deploy-; 
ment. Explosive devices wilt severe 
the umbilical frdm the orbiter to the IUS 
and the support structure will move the 
upper stage to the deployment' angle 
of 58 degrees. To keep the orbiter. 
steady the Reaction Control System 
(RCS) thrusters are- inhibited. 

; Six hours, one minute into the flight, 
on orbit five, Tom Akers will flip' the 
switch on the aft flight deck that re¬ 
leases the- IUS from the support struc¬ 
ture. Springs - no larger than a fist - wHI 
bright spiral I provide the force to jettison Ulysses 

1 and Its booster out of the payload bay 

at a velocity of about 0.4 feet, per sec- 

put in a polar trajectory around the Sun The Ond. 

three-legged trajectory, extending out the pay- Following deployment, small RCS 

load bay. is symbolic of the is burns will gradually increase the dis- 

,n honour of who have given the,, lives .n tance . between the orbiter and Ulys- 

STS, .SSuTrs^l .rr OMS bum about 15’ minutes 

crewmembers later will separate the two spacecraft 


from the IUS exhaust, the Shuttle’s’ 
hefty will be turned towards the depart¬ 
ing booster. 

**lf necessary, there'are back-tip 
deployment opportunities during or¬ 
bits six and seven and throughout day 
two of the mission,’' said Heflin. 

Ulysses Gets Underway 

As the Shuttle backs away the IUS 
navigation. systems will get Ulysses 
into the right, orientation to begin its 
journey to Jupiter. At the same time the 
upper stage must roll slowly prevent 
Ulysses from becoming overheated. 

About. one hour after deployment, 
the IUS will; be-correctly positioned. 
The booster stops rolling and the 
first stage Is ignited arid burns for 
about 145 seconds. After first stage 
cutoff the IUS coasts for a short period. 


STS-41 (Ulysses, 


' ■ Ulysses IUS M-S up¬ 

per stage shortly after deployment from the 
Space Shuttle Oiscover y. 

. STS-41 crew patch, designed by 
the five astronapt crewmembers,- depicts' the 
Space Shuttle orbiting Earth after deployment 


primary payload Ulysses The orbiter 
passing over tfje southeastern United States, 


representative- its 28 degree inclination _ 
Ulysses will the fastest man-made • " in 
(he Universe, travelling at ' miles second 
100.000 mph) and is represented by the 
Streaking silver teardrop passing over ‘ Sun. 
Ulysses' path is depleted by. 
brigihatir)g-''''fro.m ; '^^^|^^^ii_ i . i ... 

will spend around Jupiter; where .Ulysses wilt 
receive a gravitational direction change told 
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STS-41 PREVIEW 



Shuttle Ozone Watch 



Technicians prepare the Shuttle Backscatter Ultraviolet experiment canisters for installation the 
payload bay. 

During STS-41, Discovery will help scientists measure depletion of the 
Earth’s ozone layer. The Shuttle Solar Backscatter Ultraviolet instrument 
(SSBUV) will be used to recalibrate sensors on NOAA-9 and NOAA-11 
satellites. 


The SSBUV determines the amount 
of ozone in the upper atmosphere by 
measuring the incident solar ultravio¬ 
let radiation backscattered from the 
Earth’s atmosphere. Because ozone 
absorbs in the ultraviolet, the amount 
of ozone in a particular area can be 
calculated from the SSBUV readings. 

The SSBUV will help scientists solve 
the probiem of calibration drift on a 
similar instrument on the orbiting 
NOAA-9 and NOAA-11 TIROS satel¬ 
lites. The performance of instruments 
on the satellite can be assessed by 
directly comparing data from the in¬ 
struments aboard the TIROS satellite 
and the SSBUV on the Shuttle as they 
pass over the same location. These 
orbital coincidences can occur 17 
times per day. 

The SSBUV instrument consists of 


two Get Away Special (GAS) weighing 
approximately 1,200 lb. The SSBUV, 
its specially designed aspect sensors 
and in-flight calibration system are 
housed in the instrument canister. A 
motorized door opens the canister to 
allow the instrument to view the Sun 
and Earth. 

The second canister contains the 
experiment’s support equipment. The 
SSBUV power system is capable &f 
operating the instrument for about 
hours. 

NASA considers the SSBUV instru¬ 
ment are so important to the support 
of Earth science that six additional 
missions have been added to the 
Shuttle manifest and the four previ¬ 
ously planned flight were moved up. 
SSBUV first flew in 'October last year 
on STS-34. 


Following first stage jettison, one hour 
13 minutes after deployment, the IUS 
second stage ignites and burns for 
about 100 seconds, it’s work almost 
complete. The IUS checks Ulysses’ 
orientation and velocity, then sepa¬ 
rates, leaving the PAM-S motor to 
propel the spacecraft towards Jupiter. 

Small rocket motors mounted on a 
ring spin Ulysses and the PAM^S to 70 
revolutions per minute to increase its 
inherent stability. The spin motor as¬ 
sembly is then discarded. One hour 15 
minutes after leaving Discovery the 
PAM-S fires its Star-48 solid rocket 
motor, placing Ulysses on course for 
Jupiter. 

Before the PAM-S is jettisoned it 
must reduce Ulysses’ spin rate. As an 
ice skater extends her arms to slow 
down, so the PAM throws out weights 
on the ends of lines. These absorb 
energy and slow the spacecraft to 
seven revolutions per minute. The 
PAM is separated from Ulysses about 
one hour minutes after deploy¬ 
ment. Shortly after, the spacecraft will 
make contact with Earth through 
NASA’s Deep Space Network (DSN). 

Routing commands through the 
DSN, controllers will ensure Ulysses is 
maintaining a safe temperature by ori¬ 
entating it so it spins at approximately 
right angles to the Sun. If necessary, 
small corrections will be made to Ulys¬ 
ses’ trajectory. A radial boom contain¬ 
ing gamma ray and magnetic experi¬ 
ments will be deployed, together with 
an axial and two wire booms. The 
spacecraft’s nine experiments will be 
activated and checked out. About 50 
days after launch Ulysses will be de¬ 
clared operational. 

Ulysses will flyby Jupiter in Febru¬ 
ary 1992, using the planet's immense 
gravity to leave the ecliptic plane. The 
spacecraft will make its south solar 
pass in June to October 1994. In Feb¬ 
ruary 1995 it will cross the ecliptic 
before making its north solar pass in 
June to September 1995. 

STS-41 Continues 

Meanwhile, back in Earth orbit, the 
Space Shuttle Discovery will continue 
its five day mission. 

On Flight Day Two the astronauts 
will conduct an experiment to deter¬ 
mine if it is feasible to re-boost a 
stranded Intelsat VI satellite. The 
spacecraft was left in a low Earth orbit 
because of a wiring error on its Titan 
launch vehicle. NASA and Intelsat are 
planning a Shuttle mission in 1992 to 
boost the satellite into its intended 
geostationary orbit. However, before 
the go-ahead for the mission is given, 
Intelsat wants to asses the likely ex¬ 
tent of damage to the satellite’s solar 
panels caused by the atomic oxygen 
found in low Earth orbits. A sample of 
solar panel will be flown on STS-41 
mounted to a witness plate attached to 


the end of the Shuttle’s Remote Ma¬ 
nipulator System (RMS) arm. After the 
flight, the sample will be examined for 
atomic oxygen corrosion and a deci¬ 
sion made on the 1992 rescue mission. 

The sample test was added to STS- 
41 in June but, according to Milt Heflin, 
was easily incorporated in the mission 
at that late stage. 

“After STS-31, it was decided to 
leave the arm onboard Discovery to 
save turnaround time because we 
have the capability to carry its weight 
into orbit on this flight. So it was there 


when the Intelsat problem occurred,’’ 
he said. 

“It was quickly realised that there 
was hardware around that we had 
used in earlier Shuttle missions, 
where we carried up some other wit¬ 
ness plates. So that hardware had 
already been developed and was 
stored on a shelf somewhere. was 
simply a matter of finding the hardware 
and the Intelsat people coming up with 
the samples wanted to put on. It 
fell right into place with hardly any 
problems at all.” 
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Photographers and the STS-41 crew met at Ellington near the Johnam 
tor the crew portrait. portrait 

Robert Cabana and Commander both kneeing, and, from left to right. 
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SPACEPLANES 


Soviet Space Planes 


The fact that the Soviet Union has been developing shuttle type 
spacecraft has been known for many years, but only recently has 
information been released that allow a glimpse at the actual designs. The 
Soviets have roughly equalled US developments of the 1970s, by 
launching the shuttle orbiter Buran in November 1988, but is now clear 
that some Soviets plans in the 1960s exceeded anything ever seriously 
proposed in the US. Both countries can trace their shuttle development 
back to German studies of the Antipodal Bomber. In the US, the report 
was also taken seriously and together with the US Dyna-Soar 
programme, apparently prompted the Soviets to begin Protect 50/50 also 
as Project Spiral. 


Soviet Antipodal Bomber 
(1946-1960) 
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Deorbit Maneuver 




Maneuver to 
Reentry Attitude 


4 Lapot reentry and landing 


US SST project was 
announced. [4] The Soviet SST be¬ 
came yet another example of the 
Soviet practice to duplicate any major 
US technological development 
keep up technologically, militarily, and 
maintain its world super us 

And it would 

plane programme appar¬ 

ently a response to the US develop¬ 
ment of the Dyna-Soar. 

The new space plane design be¬ 
came known as Project 50/50 (also 
Spiral Project), but Myasishchev did 
not participate in the new programme. 
He was soon removed from his failing 
design bureau after his supersonic 
bomber designs failed to live up to 
specifications. However, he contin¬ 
ued to influence the future of Soviet 
shuttle development in a small way at 
his new post at the USSR Academy 
Sciences, Central Institute for 
Aerohydrodynamics (TsAGI), by con¬ 
tinuing supersonic transport design 
studies which introduced new ideas 
into the Soviet SST programme.[5] 

Project 50/50 (1962-1969) 

While the Dyna-Soar programme 
was in full development, the Soviets 
plans for a space plane finally took 
shape in when the Mikoyan OKB 
(Experimental Design Bureau) began 
development of a one man shuttle craft 
designed by Gleb Lozino-Lozinskey, 
currently Buran Chief Designer and 
General Director .of the Molniya Scien¬ 
tific Production Association in the 
Tushino suburb of Moscow. Mikoyan 
had been aware of the Antipodal 
bomber concept since the Krem¬ 
lin 0 

years for 


Maximum 
Reentry Heating 



send the craft of control (fig 

An test version of the 

plane was built and by it was 
ready for its first flight. The man cho¬ 
sen to make the first flight was Igor 
Volk, current Buran chief test pilot and 
Flight Engineer on the Soyuz T-12 
flight to Salyut in July With test 
pilot Volk at the controls in the 
cramped cockpit, the Lapot was at¬ 
tached to a Tu-95 i h 

earned 

glide 

Earth. At least three drop 
tests were made before the plane was 
equipped with a jet engine for tests 
taking off from a runway, eliminating 
the need for the carrier aircraft. The 
practice of self powered approach and 
landing tests was used again in the 


Wing Fold Down 



Landing 



for the atmospheric tests of the- 

Buran. 

Because was kept 

secret for decades, little information 
has been released, but others in- 
in the programme were test 
pilot Aviard Fastovets, and cosmo¬ 
nauts Gugarin, Titov, Popovich, 
onov, Bykovsky, and Nikolayev who 
participated in 15 design studies of 
shuttle type vehicles. The studies 
by Chief Designer 
Sergei Korolev and carried out at the 
Zhukovisky Air Force Engineering 



4 ^ 


Payload 

65,900 kg. 

Launch Grows WL 

265,000 kg. 

Booster Grows Wt 

200,000 kg. 

Dry Booster Wt 

125,000 kg. 

Velocity 

1.3 km/sec 


25 km. 
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Recovery ot the Kosmos 1445 spaceplane from 
the Indian Ocean. 

in yearly reports on Soviet military 
activity. The SL-16 was designed to be 
recoverable and partially reusable 
making the new shuttle design eco¬ 
nomically feasible as Myasishchev’s 
1950s studies dictated, until the SL-16 
was ready for flight, the more power¬ 
ful Proton was probably used to launch 

Fig. Kosmos, Space Plane and 


Kosmos 


test of the Lapot beginning in 

1976 and lasting until 1979 (fig 7). 
k as 

comment has 
made about the nature 

it ik two 

Lapot test 

since it 

could the 10,000 kg. 

Lapot boilerplate, 

payload left to add a 
second Lapot. While making the test 
flights a requir¬ 
ing tracking, control, and f 

two shuttles at once, the economic and 
schedule benefit of getting two tests 
could 

these tests, the weight of the 
shuttles would have been less than the 
operational version n life sup¬ 
port equipment or pilot was launched, 
and no launch abort system was 
needed. 

The first test flight was Kosmos 881 
and 882 which were two 9,090 kg 
spacecraft launched on the same SL- 
13 (D-lh) booster from Baikonur. The 
boosters third stage separated from 
the payload in orbit at 189 x 213 km. 
One of the spacecraft, entered a 
higher orbit after separating from the 
booster stage to avoid collision with 
the other plane. Analyst 

configurations compared. 


Dual Space 
Planes 


Space Plane 


Second Stage 



Williams that the craft were 

probably around 44° N and 

73° of the and 

that the flights seems have 
dawn the gliding portion of the 

flight pri [18] 

was defi¬ 
nitely it was reported 

the next dual launch failed on 
the The next launch 

997 and 998 flight 

was as Kosmos 881/ 

882 flight. The Kosmos 1100/1101 
flight was the same as the 
flights except that one of the space 
planes made two orbits before 
and landing, allowing separate track¬ 
ing and control of both shuttles as they 
reentered 90 minutes apart. 

The shuttle programme 

apparently cancelled after the 

Kosmos 1100/1101 mission, and 
three years before the first flight of the 
new SL-16 booster, in favour of a 
larger Buran shuttle based on the US 
design. This is evident from a 
ment made by cosmonaut Shatalov in 
June, 1980 that reusable spacecraft 
had been studied, but not economi¬ 
cally justified yet in comparison to 
expendable boosters. Numerous oth¬ 
ers in the Soviet space programme 
made statements confirming that the 
well tested Soyuz spacecraft would 
continue to be used until the middle 
1990s. In 1981, cosmonaut Alexei 
Yeliseyev even denied that a shuttle 
was being developed at all. [19] In light 
of an impending US shuttle launch, the 
Soviets ended all public talk of a reus¬ 
able space plane as they reoriented 
their programme. 

BOR-4 (1982-1984 
The Lapot design still fulfilled a 
useful role in the new Buran program. 
Starting In 1982, scaled down models 
referred to BOR-4 (from which the 
Lapot nickname originated), served 
a testbed on several orbital tests of 
heatshleld materials be used on the 
Buran while the larger shuttles actual 
design was still being finished. The 
BOR-4 flights were followed by 
type sub-orbital te t flights of a 1/8 
scale Buran model ign verify 
flight dynamics and heat shield mate¬ 
rials (fig 8). [20] At least 
sub-orbital flights were made. The first 
use of the was Kosmos 1374 

launched on June 3 1982, from Ka¬ 
pustin Yar by a SL-8 (C-1 type) 
booster. To support communications 
for the test flight, the tracking ships 
Patsayev, Dobrovolskiy and Chumi- 
kan transferred from their 
Saiyut support activities. After one 
and a quarter orbits, the plane 
tered flying past the coast of India The 
spacecraft then made a range 
manoeuvre heading 
the South toward the recovery fleet. 
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MAGELLAN 

UNVEILS 

VENUS 


the Magellan probe has returned some stunning images of the surface of Venus 
since it began mapping operations on September 15. In addition, images re¬ 
corded during a radar test on August 16 have been transmitted to Earth. The 
pictures were stored on an on board tape recorder following the loss of convnu- 
nication with the probe. Scientists at the Jet Propulsion Laboratory continue to 
be amazed by the highly active surface of Venus as revealed by Magellan’s syn¬ 
thetic aperture radar. See p344-345 tor c&ob. 
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| MAGELLAN 

AT VENUS 


MAGELLAN CAPTIONS 

wrn This image is of part of the Helen 
“ Region of Venus. The image was 
obtained by' the Magellan radar on Au¬ 
gust 16,1990, during a radar test. The 
location is at 26.1 degrees south lati¬ 
tude, 292 degrees east longitude. The 
image segment is 47 km wide and 77 
km in length. This area illustrates the 
complex nature of some of the plains. 
At least two directions of faulting can 
be seen in the bright, linear patterns. 
The cross fracture pattern is usually 
associated with high relief, rugged 
terrain of tessera regions. In this loca¬ 
tion, however, there appears to be 
little relief assodfated with the fractur¬ 
ing. A clue to the interpretation of this 
region lies in the numerous circular to 
irregular depressions ranging in size 
from 500 m to 1.5 km. These depres¬ 
sions appear to be volcanic calderas 
and are probably associated with ex¬ 
tensive volcanic flows that have 
flooded the tessera. Another probable 
volcanic feature is the small mound 
approximately 1.9 km in diameter on 
the right side of the picture in the lower 
half. The bright lines can be inter¬ 
preted as fracture or fault traces. The 
fact that they tend to occur in pairs of 
lines spaced 500 m to 1.5 km apart 
suggest that the lines delineate flood 
graben, or fault valleys that have been 
filled with volcanic flows. 

n This Magellan radar image is part 
™ of the southern Lavinia Planitia 
region of Venus obtained during orbit 
377. The centre of the image is at 356 
degrees east longitude, 68.7 degrees 
south latitude. The image is 30 km wide 
and 70 km long. On the basis of Arec- 
ibo data it is known that these features 
are located near the centre of a large 
oval-shaped deformation structure, 
known as a corona, 775 km in diame¬ 
ter adjacent to east-northeast trend- 


Since resuming mapping operations, 
Magellan has not suffered from the 
problems that hit it during August. 
Ground controllers lost radio contact 
with Magellan for 14.5 hours on August 
16 and then for 17.7 hours on August 
21. The August 16 communication 
blackout happened only hours after 
the probe used its radar for its first 
pictures of Venus during two orbits 
around the planet. Magellan sent only 
a small proportion of this data to Earth 
before controllers lost contact. 

To date, JPL controllers and engi¬ 
neers have been unable to pinpoint the 
cause of the problem which places the 
spacecraft in a safe mode that takes 
several days to recover from fully. One 


ing linear features. The centre of this 
corona is the focus of abundant lava 
flows extending hundreds of kilo¬ 
metres into the surrounding plains. 
The Magellan image reveals the de¬ 
tails of this central volcanic source 
region. The Magellan image is charac¬ 
terized by an egg-shaped, fault- 
bounded depression (centre left of the 
image) interpreted to be a volcanic 
flow, and multiple east-west trending 
bright linear structures interpreted to 
be fault scarps and troughs. Calderas 
form from the withdrawal of molten 
rock from a qhamber below the surface 
and collapse of the overlying rocks. 
The egg-shaped caldera shows evi¬ 
dence of two stages of collapse. The 
outer boundary, which appears to 
have a slightly raised rim, is 8 by 10 km 
in diameter; the inner boundary is 5 by 
6 km in diameter. The floor of the 
caldera is 4 by 6 km in diameter and 
appears smooth. The part of the bright 
lava flow seen in this image Gust south 
of the caldera) is 30 km long and 2 by 
12 km wide. Various features, often 
raised on levees, are observed along 
the edges of the flow in the western 
part of the image. Lobate extensions 
of the flow are observed in a direction 
towards the caldera. A variety of 
cross-cutting relationships of linear 
structure and the flow are observed. 
On Earth, such linear features are 
often the sources of flows. The linear 
feature north of the caldera extends 
across the width of the image, is ap¬ 
proximately 2 km wide and appears to 
be a trough that tapers to the east The 
linear features to the south of the 
caldera extend from 13 to at least 30 
km across the image and are 1 to 2 km 
wide. These features may represent 
fault scarps or troughs and are likely 
associated with the movement of 
subsurface magma and the formation 
of the large corona in which these 
features occur. 


theory suggests the spacecraft’s elec¬ 
tronics were jarred when Magellan’s 
solid rocket motor was jettisoned. 
Because the problem Is not fully under¬ 
stood, NASA officials have warned 
that contact could be lost again. Be¬ 
fore resuming radar operations, new 
software was transmitted to Magellan 
that will allow ground controllers to 
regain contact quickly should the 
problem re-occur. 

The $744 million mission is de¬ 
signed to map 90 percent of Venus’ 
surface in 243 days. The spacecraft 
arrived at Venus on August 10 after a 
roundabout 948 million mile voyage 
from Earth. It was deployed from the 
Space Shuttle Atlantis on May 4, 1989. 


Q This mageilan radar image is of 
part of the Danu Montes in the La- 
kshmi Region of Venus. The mosaic is 
part of orbits 376, 377 and 378 ac¬ 
quired on the first day of nominal 
mapping, September 15, 1990. The 
area in the image is located at 329.6 
degrees east longitude and 58.75 
degrees north latitude. This image 
shows an area 40 km wide and 60 km 
long. Danu Montes is a mountain belt 
located at one to three km above a flat 
plain to the north known as Lakshmi 
Planum. Lakshmi Planum contains 
several large volcanoes and abundant 
plains of volcanic origin. To the south 
of Danu Montes is a scarp (Vesta 
Rupes) marking the southern edge of 
western Ishtar Terra. At the scarp the 
topography descends about 2 km to 
the surrounding lowlands. On the 
basis of Pioneer Venus, Aredbo and 
Verera data, Danu Montes and the 
other mountain belts surrounding 
Lakshmi Planum have been inter¬ 
preted to be orogenic belts marking 
the focus of compressional deforma¬ 
tion, much like the Appalachian and 
Andes ranges on Earth. In the upper 
right part of this image, relatively 
bright, smooth-textures plains of La¬ 
kshmi Planum are seen to embay the 
heavily deformed mountain- region to 
the south. In the mountain range south 
of these plains the geology is domi¬ 
nated by abundant faults at mtifiple 
angles and showing various cross¬ 
cutting relationships. In the northern 
part of the mountain the surface is 
dominated by sinuous, west-north¬ 
west trending troughs less than 1 km 
in width, separated by narrow, flat 
regions. Further south are flat-floored 
features similar to extensional yaben 
on Earth. These graben are up to 2 km 
in width. The prominent bright and 
dark feature trending across the ^bot¬ 
tom part of the image is a linear trough 
about 5 km wide located near the crest 
of the mountain range. South of the 
mountain crest, additional deforma¬ 
tion is seen trending both parallel and 
perpendicular to the structures in 
other parts of the mountain belt. These 
patterns represent the complex tec¬ 
tonic deformation involved in the for¬ 
mation of the mountain ranges, while- 
the graben-llke features may repre¬ 
sent extension associated with the 
gravitational collapse of the moun¬ 
tains subsequent to their initial forma¬ 
tion. 

|j| This image is taken from the first 
■“ set of radar data collected in the 
normal operating mode. These fault- 
bounded troughs were imaged by 
Magellan on orbit 377 on September 
15, 1990. Thq image is of part of the 
Livinia Region of Venus at 60 degrees 
south latitude, 347 de^ees east lon¬ 
gitude. The image is of an area 28 km 
wide and 75 km tong. This region is at 


Magellan Operating Normally 
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the intersection of two tectonic trends. 
An extensive set of east-west trending 
fractures extends to the west and a 
second set extends down to the souths 
southeast. The lines of pits suggest 
some igneous or volcanic activity ac¬ 
companying the faulting. 


Q This view of the surface of Venus 
shows a geographically young 
region of lowland plains. The location 
is near the equator between two high¬ 
land areas known as Asteria Regio and 
Phoebe Regio. Illumination in the ra¬ 
dar image is from the west; in this 
transformed version the viewer looks 
due north with a slant angle of about 
10 degrees. The region seen is about 
40 km wide and stretches 600 km down 
range to the north. Complex canyon 
systems that trend northeast and 
northwest were produced at Venus' 
crust was pulled apart by extensional 
forces. Some were filled with younger 
lava flows. The canyons are typically 
5 to 10 km wide, 50 to 100 km long and 
rimmed by fault scarps a hundred 
metres or so high. 


Q This Magellan radar image is of an 
impact crater in the Navka Region 
of Venus. The image is a mosaic of 
data taken from orbits 376 and 377 on 
September 15, 1990. The crater is 
located at 334.5 east longitude, 21.4 
south latitude and is about 9 by 12 km 
in size. The crater is very unusual, and 
is in some ways different from any¬ 
thing seen elsewhere in the solar sys¬ 
tem. it is fresh, with a sharp rim, ter¬ 
races on the walls and a well-devel¬ 
oped ejecta blanket. The rim, how¬ 
ever, is distinctly kidney-shaped 
rather than circular, and the crater’s 
fresh appearance suggests that it 
formed with that shape at impact. The 
ejecta blanket is markedly non-sym- 
metric, with lobes extending to the 
north and the south east On the cra¬ 
ter floor are several smooth, flat dark 
regions. The asymmetric shape of the 
ejecta blanket has been observed on 
other planets and in impact experi¬ 
ments, and probably indicates that the 
impactor struck the surface at a low, 
oblique angle. The impactor would 
have been moving from west to east, 
sending ejecta lobes off to either side 
and a long streamer in the forward 
direction. The truly unusual aspect of 
the crater is its shape. One possible 
explanation is that the impactor broke 
up as it passed through the dense 
Venusian atmosphere, causing sev¬ 
eral large chunks of material to strike 
the surface almost simultaneously in 
an irregular pattern. The dark patches 
on the crater floor may be solidified 
pools of molten rock generated by the 
impact, or could be volcanic material 
extruded some time after the crater's 
formation. 


|g| This radar image is of part of the 
“ Phoebe region of Venus. It is a 
mosaic of parts of revolutions 146 and 
147 acquired in the first radar test on 
August 16, 1990. The area in the 
image is located at 291 degrees east 
longitude 20 degrees south latitude. 
The image shows a broad, up to 17 km 
wide, radar-bright, lobate lava flow 
that extends 25 km northwest across 
the image strip. The volcanic flow ap¬ 
pears bright in this image because it is 
rough on a scale of a few centimetres 
to a few metres, much like lava flows 
on Earth that are called by geologists 
“aa” (ah-ah), a Hawaiian word that 
probably mimics the sound the an¬ 
cients uttered while running barefoot 
over the rough, jagged surface. It is 


located near the southeast flank of 
Phoebe Regio and has flowed into 
local topographic lows. This lava flow 
has flooded the darker plains and 
appears to have buried north-south 
trending lineaments that cut the 
darker material. No obvious volcanic 
sources are visible in this image. The 
flow has a markedly uniform surface 
texture, in contrast to the more mottled 
texture of adjacent deposits. This sug¬ 
gests it may represent the most recent 
in a series of eruptions that have sub¬ 
sequently been obscured. To the north 
and south are northwest trending gra- 
ben - crustal depression, or fault, ar¬ 
eas - that may belong to the system of 
fractures associated with Phoebe 
Regio. 
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ews in brief 11 Germany Demands ESA Delays 

Priority Given to Earth Observation 


Zenit Explodes 

A Zenit booster exploded seconds after 
launch from Baikonur on October 4. Ac¬ 
cording to reports the launch pad was de¬ 
stroyed in the accident. The two stage 
Zenit was believed to be carrying a spy 
satellite. TASS did not report the accident 
until October 11. The failure will embar¬ 
rass the Cape York Space Agency which 
plans to launch commercial payloads on 
Zenit vehicles from Australia. USBI offi¬ 
cials involved in the project were invited 
to witness the launch. However, at the 
time of going to press, it could not be con¬ 
firmed that they were present Zenit has 
made 13 launches since 1985. This is the 
second failure of the booster. The four 
Zenit first stages are also used as strap- 
on boosters for Energia which has made 
two successful launches. 

New Pegasus 
Launch Contract 

Orbital Sciences Corporation has re¬ 
ceived another order for its Pegasus air- 
launched booster from the Defense Ad¬ 
vanced Research Projects Agency 
(DARPA). The contract valued at nearly 
$7 million is the fifth order for the Pegasus 
booster that was first launched in April 
this year. 

Journalists Begin 
Training for Mir Mission 

Six Soviet journalists began training for 
a mission to Mir space station in early Oc¬ 
tober. They are A Andryushkov and V. 
Baberdin of the Krasnaya Zvezda news¬ 
paper; Yu. Krikun from the Ukrainian TV 
Film Studio; P. Mukhortov of the Sov- 
etskaya Molodyozh newspaper; S. Omel¬ 
chenko of the Delovoi Mir newspaper; and 
V. Sharov of Literaturnaya Gazeta. 


Germany Is demanding that the budget 
for ESA’s Long-Term Plan be cut by 15- 
20 per cent, Von Wolfgang Wild, Direc¬ 
tor General of the German Space 
Agency DARA, told the Congress of the 
International Astronautlcal Federa¬ 
tion In Dresden. This could be 
achieved by delaying these projects 
one or two years. He added that Ger¬ 
many now considers Earth observa¬ 
tion programmes more important than 
mlcrogravlty research. 

The Cabinet of the Federal Govern¬ 
ment of Germany in its meeting on June 
26 set the German space budget for 1990- 
2000 at approximately 25 billion DM. 
According to Wild, Germany’s contribu¬ 
tion to ESA programmes should not ex¬ 
ceed 60% of this amount 

‘This means that Germany wifl be able 
to finance the activities of the ESA Long- 
Term Plan up to about 15 billion DM,” Wild 
said. “The Long-Term Plan, as it was 
discussed in The Hague in 1987, requires 
a sum which is approximately 20 per cent 
higher.” 

At the 1987 meeting Germany re¬ 
quested a reduction of the Long-Term 
Plan by 15-20 per cent and Professor 
Lust, the Director General of ESA at that 
time, said he would try to reduce the 
annual contributions of the member 
states by this order of magnitude. 

“In the meantime it has I turned out that 
the original time schedule of the ESA 
Long-Term Plan has been too ambitious 
and that we must slow down the Hermes 
and Columbus programmes,” Wild said. 
“It is the urgent German demand - ex¬ 
pressed in a letter of Minister Rie- 
senhuber to ESA Director General Lust 
from August 1990 - that a revised version 
of the ESA Long-Term Plan is set up now 
which results in a 15 to 20 per cent reduc¬ 
tion, if not of the total costs, at least of the 
annual amounts of requred money. 

“I hope and believe that the executive 
and the different boards of ESA are able 


By Steven Young 

Dresden, Germany 


and willing to meet this demand and that 
we can arrive at a more realistic time 
schedule and cost figures without sacri¬ 
ficing essential parts of the programme,” 
he said. 

Wild told reporters that, because of the 
problems with the Freedom budget and 
difficulties with the Shuttle, Space Sta¬ 
tion Freedom could be delayed by one or 
two years. 

"This must have consequences for the 
Columbus project and perhaps for Her¬ 
mes too,” he said. “So I think a delay [of 
the Long-Term Plan] is quite natural and 
can be performed.” 

Germany funds 27 per cent of the Her¬ 
mes project, 38 per cent ol the Columbus 
project and 22 percent of the Ariane 5 
development. 

Wild revealed Germany’s intention of 
making Earth observation the country’s 
priority in space. 

“We must have a steep rise in the hmd- 
ing of Earth observation,” he said. “Vie 
are convinced that spacebound Earth 
observation is a very important part of any 
strategy for the preservation of satisfytog 
concfttons for life on Earth.” 

DARA will reduce the share of the 
budget which is allocated for fTuouyav- 
ity programmes, according to Wid. 

"We have a lot of interesting thou^i not 
extremely exciting results both in mate¬ 
rial and life sciences,” he said. Therefore 
it seems reasonable to reduce the rela¬ 
tive share of funding microgravity re¬ 
search to some extenL On the other hand, 
in Germany we are willing to promote 
micro^avtty research a bit more than the 
international average in order to preserve 
the scientific level and the industrial 
know-how which we have acquired in the 
past.” 


Atlantis Mishap Brings NASA Further Embarrassment 


Damage was caused Inside Atlantis’ aft 
compartment during mating operations 
on October 4 when a bar that had been 
accidentally left inside was dislodged. 
The accident should not affect the Atlan¬ 
tis launch date. 

Atlantis was being moved into a vertical 
position prior to mating with the External 
Tank in the Vehicle Assembly Builcfing when 
a technician standing nearby heard a 
‘clunk-clink-clunk’ noise from inside the 
orbiters aft compartment. 

After Atlantis was mated technicians 
opened the aft compartment to discover a 
nine-foot-long, 70 pound, bright yellow I- 
beam. The beam should have been removed 
before Atlantis had left the Orbiter Process¬ 


ing Facility. 

NASA was gravely concerned when it 
discovered that the paperwork associated 
with the dose out of the aft compartment the 
recorded that beam had been removed. An 
investigation is underway. I 

Damage to the aft compartment was 
minimal, NASA spAasvmman Lisa Malone 
told Spaceflight A purge valve was broken 
and a liquid oxygen overboard dump line 
was badly dented. The valve will be re¬ 
placed and an fHndi section of p^>e is being 
manufactured to replace the damaged line. 
Other damage was mainly cosmetic, con¬ 
sisting of scratches and scuffs. AH this work 
can be accommodated in the normal launch 
processing flow. 

High winds and heavy rain disrupted 


operations to move Atlantis and Columbia 
to their respective laimch pads. Columbia 
had been rolled from launch pad 39A to 39B 
but had to be returned to the VAB because 
of bad weather caused by tropical storms in 
the Florida area. On October 12 AUartfis was 
rolled out of the VAB to pad A and the follow¬ 
ing day Columbia was transported back to 
pad B. 

Tanking tests using liquid hydrogen are 
planned for both orbiters. The Atlantis test 
is scheduled for about October 24 and Co¬ 
lumbia will be tested about October 29. 

Atlantis is scheduled for an early Novem¬ 
ber launch. Columbia’s tanking test will, 
hopefully, locale the leaks in its propulsion 
system aDowtog a launch in earty Decem¬ 
ber. 
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The Eiraroa free-flyer is deployed by the Space Shuttle's robot aim in this artist's impression. The 
^tacecraft is currently undergoing final qauiification tests before its launch. ESTEC 


Final Tests 
for Eureca 

The flight unit of Eureca, ESA’s first re¬ 
usable and retrievable space platform, 
Is now undergoing system-level quali¬ 
fication tests In an Integration and test 
facility at MBB/ERNO In Bremen, Ger¬ 
many. 

Eureca (European REtrievable CArrier) 
is scheduled to be launched by the Space 
Shuttle Discovery in late 1991 or early 1992 
on STS-46. ESA astronaut and BIS Fellow, 
Claude Ntcolber has been assigned as mis¬ 
sion specialist for this flight and will be re¬ 
sponsible for the Eureca deployment opera¬ 
tions during Discovery's first day in orbit. 
After initial activation, while still attached to 
the orbiter’s Remote Manipulator System 
(RMS) arm, Eureca's two large solar arrays 
will be deployed, giving the satellite a total 
span of 20 metres. Then Eureca wll be re¬ 
leased and checked-out while the orbiter 
stays 300 metres behind the spacecraft. 
About two hours 20 minutes after release, 
Eureca will start the manoeuvre which 
brings it into Hs initial operational orbit of 
520 kilometres. 

During its six to nine-month mission, 
Eureca will operate a large variety of so¬ 
phisticated microgravity instruments. 
Other experiments in the space science 
and technology field include: solar ob- 
sevation, electrical propulsion and ex¬ 
perimental inter-orbit communication 
utilizing ESA’s Olympus satellite. On 
completion of its mission, the platform 
will descend to a lower orbit for retrieval 
by the Shuttle. Following rendezvous, the 


NASA’s Pioneer 10 spacecraft, the 
first to leave the solar system, reached 
another milestone on September 22. 
At 3:19 pm CDT, It passed the point 
where It was 50 times farther from the 
Sun than the Sun Is from Earth. 

Reaching the 50 astronomical unit dis¬ 
tance “marks a new epoch in exploration 
of the outer solar system,” according to 
Pioneer experimenter James van Allen of 
the University of Iowa. 

van Allen, discoverer of the radiation 
belts around the Earth that bear his name, 
said reaching the 50 AU distance “has 
been a goal of physicists for many dec¬ 
ades.” When Pioneer 10 reached that 
mark, it was 4,647,809,899 miles from 
Earth. Pioneer already has travelled far¬ 
ther than any human-made object. 

The AU - the average distance (93 mil¬ 
lion miles) between the Sun and Earth - is 
the primary unit used to measure dis¬ 
tances within the solar system. 

Launched on March 2, 1972, Pioneer 
continues to make discoveries about the 
limits of the Sun’s atmosphere, called the 


Shuttle will use its RMS to berth Eureca 
in the payload bay. Upon return the plat¬ 
form will be refurbished and prepared for 
its second mission, currently scheduled 
for mid-1994. 

Eureca accommodates one ton of pay- 
bad, of which 75 per cent is available for 
microgravity raeaardi. With a total mass of 
4.5 tonnes, Eureca wi be Europe's heavi¬ 
est free-flying ^jac«=rafL The satellite will 


heliosphere. The spacecraft is seeking 
the boundary between the solar helio¬ 
sphere and the true interstellar gas. Pio¬ 
neer also continues to search for the first 
gravity waves to be detected and for data 
on the location of a possible 10th planet 

Pioneer left the solar planets behind on 
June 13, 1983. Communication is ex¬ 
pected to continue until the year 2000, 
when Pioneer win be 6.9 billion miles from 
the Sun. 

The TRW-built spacecraft’s tiny 8-watt 
radio signal has fallen to a signal strength 
of four billionths of a triflionth of a watt 
when it finally reaches the huge antennas 
of NASA’s Deep Space Network. Round- 
trip radio transmission time to Earth is 13 
hours, 47 minutes at the speed of light 
(186,000 miles per second). Pioneer’s 
current speed is about 28,900 mph. 

Pioneer’s most important finding about 
the outer solar system is the extent of the 
Sun’s heliosphere, originally thought to 
have ended at the orbit of Jupiter. Pioneer 
is now almost 10 times farther away and 
still within the solar heliosphere. 


be controlled from ESOC, the European 
Space Operations Centre in Darmstadt, 
Germany. 

NASA has charged European Space 
Agency $14.1 millbn (in Fiscal Year 1982 
dollars) for the launch and depbyment of 
Eureca and $3.9 million (FY 82) for the re¬ 
trieval. 
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NASA and ESA have just released some of the best images 
taken by the Hubble Space Telescope in recent tests. 
Computer enhancement has been used to improve the 
pictures blurred by the spherical aberration in the 
telescope’s primary mirror. 
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SATURN’S NORTH POLAR HOOD 

(Top Right) This image of Saturn was 
taken with the Hubble Space Telescope’s 
Wide Field/Planetary Camera. Saturn is 
resolved as clearly as it would appear to 
the naked eye if it were only twice as far 
away as the Moon. The image reveals un¬ 
precedented detail in atmospheric fea¬ 
tures at the northern polar hood. Saturn’s 
north pole is presently tilted toward Earth 
by 24 degrees. NASA 

PLUTO AND CHARON 

(Top Left) This image, taken by the ESA 
Faint Object Camera, of Pluto and its 
moon Charon clearly resolves the sepa¬ 
ration between the two icy worlds. At the 
time of observation, Charon was near its 
maximum apparent separation of about 
0.9 arc second. Pluto is at the centre of 
the frame while Charon is- the fainter ob¬ 
ject in the lower left. For comparison the 
best ground based image of Pluto and 
Charon ever takerHo date (at the Canada- 
France-Hawaii telescope in Hawaii) is 
shown below. esa/nasa 

GLOBULAR STAR CLUSTER M14 

(Bottom) This pair of images of a region 
in the globular star cluster Ml 4 (located 
70,000 light-years away) clearly demon¬ 
strate the high spatial resolution of the 
Hubble Space Telescope. The image on 
the left, taken with the four-metre tele¬ 
scope at Cerro Tololo Inter-American 
Observatory in Chile, has a resolution of 
1.5 arc seconds. The image on the right, 
taken with ESA’s Faint Object Camera, 
yields stellar diameters of 0.08 arc sec¬ 
ond. The FOC picture reveals literally 
hundreds of separate stars in a tiny region 
of the cluster where only dozens are dis¬ 
tinguishable on the ground-based image. 

esa/nasa 


Space Station Post 
for Veteran Astronaut 


NASA has named Henry W. Hartsfleld, 
a veteran astronaut, to be deputy direc¬ 
tor for Operations within the Space 
Station Projects Office at the Marshall 
Space Flight Center. 

In his new position, Hartsfield will be 
responsible for planning and manage¬ 
ment of Space Station operations utiliza¬ 
tion capability and development and 
operations activities including budget 
.preparation. His oversight will include the 
development at the Marshall Center of the 
Payload Operations Integration Center, 
the Engineering Support Center and the 
Payload Training Center - all new facili¬ 
ties planned to support Spajce Station 
Freedom over the next four decades. 
Hartsfield’s other new duties will encom¬ 
pass providing direct support to Marshall 
Center management in areas involving 
other manned spaceflight operations, 
such as serving as a consultant and advi¬ 
sor for astronaut crew training and neu¬ 
tral buoyancy simulator testing. 

He will provide an important interface 
with the astronaut office at the Johnson 
Space Center on matters related to the 
design of Space Station as it affects crew 
safety, efficiency and comfort. 

Hartsfield assumes this position after 
completing an assignment at NASA 
Headquarters as the director for Techni¬ 
cal Integration and Analysis in the Office 
of Space Right, where he was respon¬ 
sible for facilitating the Integration of 


NASA Selects Payload 
Specialist Candidates 


NASA has announced the selection of 
four candidates for two payload spe¬ 
cialist positions on mission STS-50, 
scheduled to carry the US Mlcrograv- 
Ity Laboratory - 1 (USML-1) In 1992. 

Selected for mission training were: 
Lawrence J. DeLucas, Joseph Prahl, 
Albert Sacco, Jr. and Eugene H. Trinh. 
Two of the candidates will be selected for 
flight in March 1991, and the others will 
serve as alternates. 

DeLucas, 40, earned a doctorate in 
optometry in 1981 and a PhD in biochem¬ 
istry in 1982 from the University of Ala¬ 
bama at Birmingham. He holds several 
positions at the University of Alabama at 
Birmingham including: Associate Direc¬ 
tor, Center for Macromeolecular Crystal¬ 
lography; Professor, Department of Op¬ 
tometry; and Adjunct Professor, Labora¬ 
tory of Medical Genetics. He resides in 
Birmingham. 

Prahl earned a PhD in engineering from 
Harvard University in 1968. The 47-year- 


old Prahl is a professor of engineering at 
Case Western Reserve University, 
Cleveland. He resides in East Cleveland. 

Sacco, 41, earned a PhD in chemical 
engineering from the Massachussetts 
Institute of Technology in 1977. He is a 
professor and head of the Department of 
Chemical Engineering at Worcester 
Polytechnic Institute, Worcester. Mas¬ 
sachussetts. He resides in Holden, Mas¬ 
sachussetts. 

Trinh. of Culver City, California, 
earned a PhD degree in applied physics 
from Yale in 1978. he is a scientist at the 
Jet Propulsion Laboratory, Pasadena, 
California. The 40-year-old Trinh was 
previously an alternate payload special¬ 
ist for the Spacelab 3 mission. 

During the 13-day USML-1 mission, 
the payload specialists will conduct more 
than 30 scientific and technological in¬ 
vestigations in materials, fluids aad bio¬ 
logical processes in the spacelab envi¬ 
ronment. 



Henry 'Hank' Hartsfield. NASA 

Space Station Freedom and its unique 
requirements into Space Shuttle pro¬ 
gramme planning and for coordinating 
the exchange of information between the 
two programmes. 

Hartsfield flew on three Space Shuttle 
Missions: STS-4 in 1982 as Pilot; STS 41- 
D in 1984 as Commander and STS 61-A, 
in 1985, as Commander. 


Dunbar USML-1 
Payload Commander 

Astronaut Bonnie J. Dunbar, PhD, has 
been named payload commander for 
the STS-50 US Mlcrogravlty Labora¬ 
tory (USML-1) mission currently 
scheduled for March 1992. 

USML-1 consists of a complement of 
experiments focusing on microgravity 
materials processing technology and 
other science and research requiring a 
microgravity environment. Orbiter Co¬ 
lumbia will be modified with an Extended 
Duration Orbiter kit that will provide addi¬ 
tional expendable supplies for a 13-day 
mission of extended scientific research. 

As payload commander, Dunbar is 
responsible for coordinating all payload 
requirements for the mission. 

Dunbar was a mission specialist on 
STS-61A, the 1985 west German D-1 
Spacelab mission, and the Jahuary STS- 
32 mission on which the crew deployed 
the Syncom IV-F5 satellite, retrieved the 
Long Duration Exposure Facility, and 
performed a variety of middeck scientific 
experiments. 

The remainder of the seven-member 
crew will be announced later. 
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European Observatory 
Contract Signed 



The Infrared Space Observatory (ISO). 

Professor Relmar Lust, the then Direc¬ 
tor General of ESA and Mr Henri Martre, 
President and Chief Executive Officer 
of Aerospatiale, have signed a con¬ 
tract for the development of the infra¬ 
red Space Observatory (ISO). 

The contract, worth about 1.5 billion 
French Francs, covers the development 
and construction of the satellite, which is 
to be launched by an Ariane 4 in 1993. 

ISO will considerably improve astro¬ 
nomical knowledge of the Universe in the 
infrared, since the sensitivity of its obser¬ 
vations will be one thousand times more 
than those previously possible. 

The observatory consists of a Ritchey- 
Chretien telescope that is cryogenically 
cooled to about -270 degrees C by a sup- 


Aerospatiale 

ply of liquid helium. The telescope will 
house four instruments built by groups in 
the UK, Germany, France ana the Neth¬ 
erlands. Britain in involved in three of the 
instruments, the Long Wavelength Spec¬ 
trometer (LWS), the Photometer (ISO¬ 
PHOT) and the Captera (ISOCAM). The 
fourth instrument is the Short Wave¬ 
length Spectrograph (SWS). 

ISO will be placed in a highly elliptical 
orbit of 1,000 x 70,500 km, with a period 
of 24 hours. Its lifetime of 18 months is set 
by the supply of liquid helium. A single 
ground station will be in contact with ISO 
for 14 hours each day. 

The cost of the spacecraft, its instru¬ 
ments and launch is currently estimated 
at about £317 million, of which the UK is 
contributing £57.4 million. 


Ariane 5 Engine Test Stand Inaugurated 


Professor Relmar Lust, the then Direc¬ 
tor General of ESA, and Paul Qulles, 
the French Minister of Posts, Telecom¬ 
munications and Space, recently Inau¬ 
gurated the Soclete Europeenne de 
Propulsion’s Vulcaln engine test 
stand at Vernon, France. 

The French space agency. CNES, 
which is responsive for the technical and 
financial management of the Ariane 5 
programme on behalf of ESA, has desig¬ 
nated SEP as prime contractor for the 
main stage propulsion system. The team 
led by SEP includes some 25 European 
companies from 11 countries. 

SEP has constructed two major facili¬ 
ties for the development of the Vulcain 
engine for the Ariane 5 main stage: the 
Vulcain Hall and the PF50 test stand. 

Eight engines per year will be con¬ 
structed inside the Vulcain Hall. The hall 
includes a clean room covering 1,200 
square metres, a storeroom, technical 
equipment .basement and offices. 

The PF50 test stand will initially be 
used for the development of the Vulcain 


engine. It w3l later serve for caibrabon 
and acceptance testing of flight engines. 

The PF50 is a. 60-metre tower mainly 
comprising the test cell, where tne engine 
is installed vertically, the liquid oxygen 
and hydrogen tanks, the feed lines, the 
flame guide and the deflector which chan¬ 
nel the engine’s exhaust gases away. The 
PF50 is controlled and monitored from an 
underground control room. 

The facility allows one test per week. 
The first Vulcain engine. Ml, was in¬ 
stalled on April 4,1990 - meeting a sched¬ 
ule defined in 1987 - and the first ignition 
test was conducted on July 5. SEP ex¬ 
pects to carry out the first full-thrust fir¬ 
ing before the end of the year. Next year 
will see full duration firings lasting 600 
seconds. 

An identical test stand built at the DLR 
plant in Lampoldshausen, Germany, will 
make it possible to maintain the test rate 
required by the Ariane 5 development 
programme. A second Vulcain engine, 
M2, has already been installed in the 
stand. 


Truly Addresses 
NASA Employees 

The Challenges facing NASA now are 
nothing new and will evolve Into the, 
successes of tomorrow, Administra¬ 
tor Richard Truly told space agency 
employees In a message broadcast 
from his office on September 21. Truly 
discussed the numerous problems 
that had plagued the agency through¬ 
out the summer but expressed confi¬ 
dence that they would be fixed. 

"There has been a lot going on,” Truly 
told NASA workers. “Budget fights, suc¬ 
cesses, some setbacks and some fail¬ 
ures... Let me just say that I believe that 
we arq continuing to do business in a 
measured and professional manner. That 
some things haven’t gone right this sum¬ 
mer, but you are doing the right things.” 

Truly said NASA has had and continues 
to have the support of President George 
Bush, Vice President Dan Quayle and, 
“despite what you read in the newspaper * 
the agency's friends in Congress. 

"They know we are on a cutting-edge 
business every day,” he said. 

Truly discussed the Space Shuttle 
Columbia's hydrogen leak problems, the 
Ulysses mission, the Hubble Space Tele¬ 
scope anomaly and the beginning of the 
Magellan mission at Venus. 

"Believe you me, the only words that I 
can describe for the science that is com¬ 
ing, and [Magellan’s] radar images is, it 
is absolutely superlative,” Truly said. 

Truly said the Space Station Freedom 
programme has made dramatic pruynsa 
over that last year despite some contro¬ 
versy. 

"We have a lot of challenges... but 
frankly don’t forget every one of the prob¬ 
lems we are working - power, weight EVA 
time - are problems that NASA and you 
found, and each of those are well in band 
along to a solution,” he said. 

"So I think Space Station Freedom is 
strong and I believe when this budget 
process is complete, you will find that we 
have gotten good support” 


Titan Launched 
Four Payloads 

In accordance wtth International trea¬ 
ties, the United States has listed the 
satellites launched by a military Titan 
4 booster on June 8. The announce¬ 
ment said four payloads were placed In 
orbit by the launch vehicle. 

When the second Titan 4 launched a 
classified payload from Cape Canaveral 
in June it was thought to have carried a 
single reconnaissance satellite. How¬ 
ever, the announcement by US authori¬ 
ties reveals four payloads were 
launched, namely USA 59 to 62. No orbital 
data was revealed for USA 60 to 62. Ear¬ 
lier reports said USA 59 was in a 60.95 
degree inclination 448 km circular orbit 
The purpose of the satslites is not 
known. 
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SATELLITE DIGEST 


SATELLITE DIGEST-235 

Satellite Digest Is produced In two sections. Orbital Data Is In the form of a table which lists each satellite's name, Inter¬ 
national designation, launch time and date, launch site, launch vehicle, perigee, apogee, period and Inclination. Launch 
times are approximate, except when marked with an asterisk, when the time given Is that Issued by the launching agency. 
All times are GMT, unless otherwise stated. Soviet launch vehicles have been named by the US DoD system of classifi¬ 
cation and, when known, by the Soviet name. Orbital data has been provided by the Royal Aerospace Establishment 
The first section. Satellite Data, contains notes on each satellite's mission. 


SATELLITE DATA 


SOYUZ TM-10 (1990-67 A): Manned space¬ 
craft carrying cosmonauts Gennady 
Manatov and Gennady StnAatov to the Mir 
space station. Docted with Mr’S rear Kvant 
port at 1047 on August 3. 

NAVSTAR. 2-08 (1900-8BA): The eighth 
new generation navigation satellite that 
forms part of the Global Positioning System 
(GPS). Also known as USA 63. 

KOSMOS 2069 (1990-69A): A manoeuvr¬ 
able photo reconnaissance satellite. 
KOSMOS 2090-2095 (1990-70A to F): Six 
military communications satellites 
launched by a single Tsyklon .booster. 
MOLNIYA 1-78 (1990-71A): Domestic 

communications satellite in a highly ellipti¬ 
cal Earth orbit 

PROGRESS M-4 (1990-72A): Docked to 
Mil's forward docking port at 0526 on Au¬ 
gust 17 carrying approximately 2 tonnes of 
cargo. Undocked at 1643 Moscow Time on 
September 17. Fired its retro-rocket at 1504 
MT on September 20 and burnt up. (See 
p.357.) 

RE3URS-F8 (f&90-73A): Conducted Earth 
resources photography. Recovered on 
September 1. 

MARCOPOLO 2 (1990-74A): Second di¬ 
rect broadcast satellite for British Satellite 
Broadcasting. Known as BSB-R2 prior to 
launch (see Spaceflight, October 1990, 
p.331). 

KOSMOS 2096 (1990-75A): An EORSAT 
(Elint Ocean Reconnaissance Satellite) 
designed to monitor US Navy radio trans¬ 
missions. Manoeuvrable. 

r ORBITAL DATA - 


Name & International 
Designation 

Launch Time 
and Date 


Launch 

Site 

Launch 

Vehicle 

Perigee 

(km) 

Apogee 

(km) 

Period Inclln. 
(min.) (deg.) 

SOYUZ TM-10, 

1990-67A 

0932* 

August 

1 

Baikonur, USSR 

SL-4 Soyuz 

312 

371 

91.30 

51.61 

NAVSTAR 2-08, 

1990-68A 

0545 

August 

2 

LC-17, CCAFS, USA 

Delta II 

19,932 

20,435 

718.00 

54.70 

KOSMOS 2089, 

1990-69A 

1941 

August 

3 

Plesetsk, USSR 

SL-4 Soyuz 

187 

309 

89.46 

62.83 

KOSMOS 2090, 

1990-70A 

0419 

August 

8 

Plesetsk, USSR 

SL-14 Tsyklon 

1,391 

1,414 

113.89 

82.56 

KOSMOS 2091, 

1990-70B 






1,413 

1,414 

114.14 

82.58 

KOSMOS 2092, 

1990-70C 






1,407 

1,414 

114.07 

82.57 

KOSMOS 2093, 

1990-70D 






1,401 

1,414 

114.00 

82.57 

KOSMOS 2094, 

1990-70E 






1,395 

1,414 

113.94 

82.57 

KOSMOS 2095, 

1990-70F 






1,384 

1,414 

113.82 

82.57 

MOLNIYA 1-78, 

1990-71A 

2024 

August 

10 

Plesetsk, USSR 

SL-6 Molniya 

647 

39,707 

717.77 

62.87 

PROGRESS M-4 

, 1990-72A 

0401* 

August 

15 

Baikonur, USSR 

SL-4 Soyuz 

251 

269 

89.65 

51.61 

RESURS-F8, 1990-73A 

1005 

August 

16 

Plesetsk, USSR 

SL-4 Soyuz 

258 

272 

89.87 

82.34 

MARCOPOLO 2, 

1990-74A 

0042* 

August 

18 

LC-17, CCAFS, USA 

Delta II 

35,716 

35,859 

1,436.02 

0.36 

KOSMOS 2096, 

1990-75A 

1619 

August 

23 

Baikonur, USSR 

SL-11 

403 

418 

92.78 

65.02 

KOSMOS 2097, 

1990-76A 

0741 

August 

28 

Plesetsk, USSR 

SL-6 Molniya 

614 

39,751 

717.97 

62.90 

YURI 3A, 1990-77A 

0905* 

August 

28 

Tanegashima, Japan 

H-l 

35,260 

37,672 

1,470.85 

0.30 

KOSMOS 2098, 

1990-78A 

1550 

August 

28 

Plesetsk, USSR 

SL-8 Kosmos 

396 

1,977 

109.19 

82.96 

SKYNET 4C, 1990-79A 

2246* 

August 

30 

Kourou, French Guiana 

Ariane 44LP 

34,721 

35,871 

1,410.98 

4.41 

EUTELSAT II F-1, 1990-79B 






31,116 

35,902 

633.97 

7.05 

KOSMOS 2099, 

1990-80A 

0809 

August 

31 

Plesetsk, USSR 

SL-4 Soyuz 

226 

273 

89.55 

82.32 



A Navstar Global Positioning System satellite undergoes a solar array deployment test at Rockwell 
IntematkmaJ's SateBte Systems Divtoon In Seal Beach California. Rockwell International 


KOSMOS 2097 (1990-76A): An early- 
wamfog satellite in a highly eitpbca! orbit 
YURI 3A (1990-77A): Japanese tfirect 
broadtasting satellite. Suffered partial fail¬ 
ure of solar array. Known as BSSA prior to 
launch. 

KOSMOS 2098 (1990-78A): Military satel¬ 
lite. Exact purpose unknown: 

SKYNET 4C (1990-79A): The third of three 
military communications satellites built for 
the UK Ministry of Defence by British Aero¬ 
space. Positioned at one degree west 
EUTELSAT II F-1 (1990-60A): The first in a 
new series of satellites for the European 


Telecommunications Satellite Organisa¬ 
tion (see Spaceflight, October 1990, 
p.328). 

KOSMOS 2099 (1990-81A): A manoeuvr¬ 
able photo reconnaissance satellite based 
on the Vostok capsule. 

UPDATE 

SOYUZ TM-9 (1990-14A): Undocked from 
Mir at 0409 on August 9. Touched down at 
0734:40 some 70 km from the town of Ar¬ 
kalyk with cosmonauts Anatoli Solovyov 
and Aleksandr Balandin on board. 
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British Company Hopes to 
Supply Hermes Ejection Seats 


British company Martin-Baker 
hopes to win the contract to provide 
ejection seats for the European 
Space Agency’s Hermes project. 
The Soviet firm Zvezda Is also 
competing for the contract. Last 
year ESA selected ejection seats for 
Hermes Instead of an ejectable 
crew cabin (see Spaceflight, March 
1990, p.83) 

The Martin-Baker proposal is based on 
the company’s lightweight Mk.16 ejec¬ 
tion seat which is being developed for the 
EFA and Rafale fighter aircraft. The 
company is offering two versions of the 
seat. The first weighing 98 kg is capable 
of ejecting the Hermes crew 500 metres 
from the spacecraft. The second seat, 
weighing 128 kg, would propel the crew a 
distance of about one kilometre. Both 
seats can operate while Hermes is on the 
launch pad ahd at altitudes of up to 22 
kilometres at Mach 3. During the landing 
phase ejection will be possible from an al¬ 
titude of 29 kilometres to standstill on the 
ground. The ejection seats could operate 
at higher speeds and altitudes if adequate 
protection from kinetic heating can be 
provided by. the astronaut’s protective 
suit. 

According to Brian Miller, Martin- 
Baker’s marketing manager, the seat 
could be activated in a number of ways. 
The crew or controllers on the ground 
could trigger the escape sequence or an 
automatic system could be used. 

“If something goes wrong during 
launch there may not be tTme to operate 
the ejection seats manually,” said Miller. 
“It may be best to program the onboard 
computer to initiate the process if certain 
parameters are exceeded.” 

According to Miller the entire ejection 
sequence would take no longer than half 
a second. Explosive panels in the cabin 
roof would be jettisoned and the ejection 
seat motors fired: the rear seat first, fol¬ 
lowed by the front right and front left 
seats. 

The basic design for the Mk.16 seat has 
been adapted to accommodate an astro¬ 
naut in a bulky space suit The mocfified 
seat also features additional stabiBty to 
travel the required distance from the 
spacecraft. 

Zvezda has offered ESA the ejection 
seat designed for the Soviet space 
shuttle Buran. The seat would almost 
certainly cost less than the Martin-Baker 
proposal. However, the Soviet seat does 
have serious drawbacks. The Zvezda 
design relies on the seat’s weight to pro¬ 
vide stability during the ejection se¬ 
quence. Each Soviet seat weighs in at 225 
kg compared with 98-128 kg for the Mar¬ 
tin-Baker seat. In addition, to accommo¬ 



date the Soviet seats the Hermes crew 
cabin would have to be enlarged by three 
per cent, pushing the spacecraft’s weight 
even higher. 

Accordng to Miller, the mass of the two 
ejection seat designs will be the deciding 
factor. Hermes already suffers from a 
weight problem. Programme officials will 
not be looking for the cheapest ejection 
seat but the lightest 

Both ejection seat proposals suffer a 
similar political problem. Normally ESA 
contracts are awarded to companies in 
member nations that are funding the 
overall project The USSR is not an ESA 
member and the UK Government decided 
to abstain from the Ariane 5 and Hermes 
programmes. Miller says Martin-Baker 
intends to overcome this problem by 
passing work to subcontractors in coun¬ 
tries that are supporting the Hermes pro¬ 
gramme, in particular Italy which at pres¬ 
ent does not have its fair share of Hermes 
work. 

Martin-Baker has already completed 


The Basic Mk.16 
Ejection Seat 



three funded design studies and is hop¬ 
ing it will receive the contract to build the 
Hermes ejection seats in earty 1991. 


China Celebrates Launch 


The Great Wall Industry Corporation 
(GWIC) of China celebrated Its latest 
satellite launch during the tanborough 
Air Show. 

A Long March 4 suooaasfully placed a 
meteoralogkal satellite into a sun synchro¬ 
nous orbit in the earty hours of September 
3. In addition, two balloons, named Atmos¬ 
phere 1 and 2, were carried into orbit to used 
study the iftper layers of the atmosphere. 

It was only the secund flight of the Long 
March 4 and the second launch from the 
Taiyuan site in China’s Shanxi Province. 


Feng Yun 1-2 (meaning wind and doud) is 
the country’s second m dnrsoto gfcrf satel¬ 
lite. The sateffite is aqiippaf with two Very- 
High Resolution Scanning Radiometers, tt 
is capable of surveytog doud in daylight and 
at nighL 

Feng Yun 1-1, China's first weather sat¬ 
ellite, was launched in Septortoer 1988 but 
operated for only 39 days. 

According to GWIC officials at Fambor- 
ough, China plans one more launch before 
the end of the year. A Long Mardi 2C m to 
blast off carrying a wm eib b 
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Hermes Design Nearly Finalised 




Aerospatiale 

Hermes in Doubt 

There are Increasing doubts about 
the Hermes programme as It ap¬ 
proaches the crucial decision to 
enter the next stage of develop¬ 
ment. Some In the aerospace Indus¬ 
try even believe It could face cancel¬ 
lation. 

"Hermes still does not work” a space 
industry official told Spaceflight. Appar¬ 
ently the spacecraft is still overweight 
and costs continue to escalate. The use¬ 
fulness of Hermes is also being called into 
question. 

Hermes’ primary mission will be to carry 
supplies and astronauts to the European 
Columbus Free-Flying Laboratory. How¬ 
ever. with two spacecraft, Hermes will only 
achieve a maximum of four flights per year, 
each lasting about 12 days. This would 
leave Columbus, an expensive asset, un¬ 
manned for over 10 months of the year. 

Opposition is building up against Hermes 
in the European space industry. The high 
costs of the project are eating up funds that 
would otherwise be allocated to science 
programmes. Earlier in the year West Ger¬ 
many indicated it was considering leaving 
the Hermes project. However, Columbus, 
which is mainly being developed by West 
German companies, is inextricably linked to 
Hermes. If Hermes is cancelled, Columbus 
would also be scrapped. It has been sug¬ 
gested that Germany may claim the cost of 
re-unification will make it impossible for the 
country to continue funding Hermes. A 
compromise could be to downgrade Her¬ 
mes to a technology development pro¬ 
gramme and look for an alternative manned 
system. 

Decision time for Hermes will come at 
ministerial level in June 1991. 


A cut-away of Hermes docked to the Columbus Free-Flyer 


Aerospatiale 


The design of the Hermes spaceplane 
has almost been finalised, Aerospa¬ 
tiale spokeswoman Shirley Compard 
told Spaceflight at Farnborough. 

Hermes will now be inserted directly 
into orbit by the Ariane 5 and will not re¬ 
quire the expendable propulsion module 
that was a feature of some of the earlier 
designs (see Spaceflight, October 
1990, p.352-353). Hermes is composed 
of two separate sections: the reusable 
spaceplane and an expendable re¬ 
sources module. 

The Hermes spaceplane can accom¬ 
modate three astronauts. Ejection seats 
have been selected as the crew escape 
syctem (see separate item). Visibility for 
the astronauts is provided by four win¬ 
dows. Designers had considered omit¬ 
ting th8 windows, but it was decided the 
windows were necessary in spite of the 
weight problems and technical difficul¬ 
ties they entailed. 

Although the spaceplane’s design 
could still be modified as the result of 
ongoing aerodynamic studies, many op¬ 
tions have already been chosen. Alu¬ 
minum will be employed for the construc¬ 
tion of the airframe instead of composite 
materials which, although in weight, were 
felt to be more difficult and more costly to 
develop. The spaceplane will be pro¬ 
tected thermally -by flexible quartz-fibre 
blankets on its upper surface and carbon/ 
silica tiles on its lower surfaces. The nose 
and leading edges, which are exposed to 
the most heat, will be made of non-oxidis¬ 
ing carbon-carbon. 

The Hermes Resource Module (French 
acronym MRH) houses tanks, the dock¬ 
ing system, thermal control radiator pan¬ 


An artist's impression of Hermes in Earth orbit. 

els that open out from the module's exte¬ 
rior, a robot arm, a pressurised compart¬ 
ment and a portion of the non-pressurised 
payload. 

The decision to move on to the next phase 
of the Hermes programme will be taken by 
the ESA Coupcil at ministerial level in June 
1991. Siiasonic test flights of Hermes would 
take place in 1996, an initial unmanned or¬ 
bital flight in 1998 and the first manned flight 
a year later. The spaceplane could be op¬ 
erational until 2015. 


SPACEFLIGHT, Vot 32, November 1990 


353 












Paving the Way for Space Gardens 


CELSS 


to large-scale agriculture, which of 
course is of importance everywhere," 
Holloway commented. 

The universality of CELSS applica¬ 
tion is a logical outgrowth of the chal¬ 
lenges that NASA CELSS scientists 
face. What they learn in a demanding, 
precise experiment in which every 
ounce of weight is crucial, every watt 
of power essential, and every yield 
required to be of high value, is being 
sown around the world through profes¬ 
sional and technical publications, as 
well as through coverage by popular 
media. 

It’s readily apparent that the re¬ 
quirements for a space garden are 
extraordinarily demanding, to wit: 
dependably grow high quantities of 
nutritious foods in a small area, with¬ 
out the benefit of soil, sunlight, or 
gravity. 

Why without soil? As any weekend 
gardener can attest after a few hours 
with a shovel - dirt is heavy and in the 
lift-to-weight ratio, there’s simply no 
logic in using precious - and expensive 
- launch thrust in hauling dirt. More¬ 
over, the dirt would rapidly become 
tumbling granules of irritating dust 
once in space - rather like shaking out 
a vacuum cleaner bag, with all the 
attendant aggravation. 

Why without sunlight? Frankly, 
there’s no space window ledge for a 
plant to nest upon - and no reliable 
sunbeams. Since the Space Shuttle 
orbits the Earth roughly every 90 min¬ 
utes, there’s simply no growing “day" - 
thus deleting not only daylight but also 
normal circadian rhythms. And t of 
course, space flight yields micrograv¬ 
ity, commonly referred to as “weight¬ 
lessness”. Without gravity, how does 
a plant “know” which way is up and 
which down, since in space there is no 
true up and down, and therefSre how 
can a plant “know” in which way to send 
its roots and leaves? 

Those questions are just a few of the 
many that challenge the scientific dis¬ 
ciplines of biology, plant physiology, 
nutrient supply and selection and 
control of lighting, among others, in 
addition, scientists must also create 
this garden in as small an area as 
possible. The space-faring garden 
can not be labour-intensive but should 
be as “self-tending” as possible. 

Altogether, a rigorous scientific 
programme - but there’s more. Long¬ 
term, a successful plant growth facil¬ 
ity would also recycle waste products 
for fertilization-, “scrub the air” and 
generate oxygen and it must also be 
part of a potable water recovery plan. 

The CELSS team, headed by Proj¬ 
ect Scientist Dr. William Knott, uses a 


Space is vast and lonely and with 
one certainty: nowhere up ahead 
can a hungry astronaut pop in for 
a bite to eat For the first time in 
human exploration, pioneers 
can't even consider living off the 
land. With no chance of finding 
fresh water or edible fruits, this 
generation of space-age explor¬ 
ers has to live on foods that can be 
prepackaged, safely stored with¬ 
out spoilage and easily prepared 
in a small galley. 

But much of that may change on 
future space missions, thanks to a 
plant growth experiment at Kennedy 
Space Center, Florida. Called the 
controlled Ecological Life Support 
System (CELSS), the project has al¬ 
ready had several successful har¬ 
vests of various crops - the latest, 
soyabeans, on 21 August. 

The project, now in its third year of 
closed chamber production, has be¬ 
come internationally known, accord¬ 
ing to Dr. Paul Buchanan, director of 
KSC’s Biomedical Operations and 
Research Office, who oversees the 
CELSS research. 

Agricultural specialists, biologists, 
and plant physiologists have eagerly 
followed CELSS’ development - many 
of them visiting KSC to view CELSS for 
themselves. A quick review of the sign- 


By Patricia Phillips 

NASA Kennedy Space Center 

in log for the project’s facility shows 
distinguished signatures from around 
the world. 

The reason for the intense interest 
lied beyond simple curiosity about 
space flight, according to Buchanan. 
The CELSS research, bound by the 
demanding requirements of space 
flight, may someday lead to world¬ 
wide advances in agricultural produc¬ 
tion. 

“What we’re doing in CELSS could 
be crucial to people in many places 
around the world. As we learn how to 
produce high-quality food in a non- 
traditional way, without using acres of 
arable soil, this knowledge can move 
out into the technical community. 
Someday, through spinoff applica¬ 
tions, people on Earth could be saved 
from starvation,” Buchanan ex¬ 
plained. 

Visiting researchers in the plant 
sciences have been quick to see how 
the advanced hydroponics could have 
applications in their part of the world. 
An example is Dr. Peter Holloway, a 
plant physiologist and biochemist 
from Melbourne, Australia. 

“Things learned from CELSS can 
reasonably be expected to be applied 


Lisa Siegriest, left, a Bionebcs Corporation horticultural technician, and Tom Oreschel, a Blonetics 
scientist, prepare to remove a tray of dwarf wheat grown in the CELSS biomass chamber NASA 
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A crop of dwarf wheat grows in the CELSS biomass chamber. 


tw^-story bubble-shaped steel bio¬ 
sphere dubbed the Biomass Produc¬ 
tion Chamber. In itself, this stands as 
a testament to fruitful re-use and re¬ 
cycling: the chamber is a refitted and 
modified Mercury/Gemini programme 
altitude chamber. 

Slightly more than two stories high, 
the usable volume of the chamber is 
only 3.6 metres in diameter by 7.3 
metres. It contains growing racks, 
piping for nutrient solutions, special¬ 
ized lighting and sensors that provide 
information to the computers control¬ 
ling the biomass chamber and its func¬ 
tions. 

The creation of the computer pro¬ 
grammes have also been a part of the 
research process. With each crop 
grown in the "sealed" chamber envi¬ 
ronment, researchers have painstak¬ 
ingly refined the computers’ interac¬ 
tion with the chamber environment. 

'The system now is so sensitive that 
it adjusts to human output of carbon 
dioxide," said NASA agricultural engi¬ 
neer Dr. John Sager. He explained that 
during one crop, the computer-con- 
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The CELSS biomass production chamber in Hanger L at Cape Canaveral Air Force Station NASA 







































CELSS 


trolled biosphere reacted to light and 
dark cycles as well as to technicians 
entering to take readings - emitting 
carbon dioxide as they breathed. 

So far, the CELSS team has suc¬ 
cessfully harvested dwarf wheat, let¬ 
tuce, and soyabeans. Already, white 
potatoes are being tested off-line and 
will have their turn in the chamber. 

Still ahead lies the answer to an¬ 
other intriguing question - can several 
types of plants be grown in one cham¬ 
ber? Or, based on differing needs in 
nutrients, light and carbon dioxide 
sensitivity, will a space-age farm re¬ 
quire separated growing chambers? 

"We’re pioneers in a type of farming 
that may someday go all the way to 
Mars,” Knott said. “So far, we're an¬ 
swering our basic questions - and 
those answers, are, as in all good sci¬ 
ence, leading to the next generation of 
questions and challenges.” 

Included in the CELSS data bank is 
knowledge gained through a small 
payload called “Chromex,” which has 
now flown aboard three Space Shuttle 
missions - STS-3, 19, and 29. The 
containers, roughly 0.3 metres by 0.46 
metres, carried an ordinary weed, 
Haplopappus. Chromex researchers 
found that chromosome and cellular 
changes occurred that did not occur in 
control plants on Earth. 



Katrina Chetirkin, a technician with NASA con¬ 
tractor Bionetics, leaves the CELSS chamber 
carrying a crop of hydroponically grown lettuce 
The lettuce crop, harvested between March 6 and 
April 19. exceeded the expected yield. NASA 

Other studies are also underway 
“off-line” at KSC. In specially-de¬ 
signed trays, researchers patiently 
test to discover the best membrane 
interfaces for nutnent delivery without 


open liquid flow. This varies from crop 
to crop - as do items such as the type 
of light, length of the light cycle, re¬ 
sponse to pressure and Ideal C0 2 lev¬ 
els. All things that must be learned be¬ 
fore a crop is “promoted” to a full 90- 
day grow-out in the Biomass Produc¬ 
tion Chamber. 

The years of painstaking research, 
which moved into the first phase of 
sealed chamber experiments in 1988, 
are an integral part of any long-term 
space missions, Knott believes. 

“It’s only logical that when you look 
at long-term space flight, you have to 
prepare for biologically regenerative 
systems. You have to provide renew¬ 
able food resources. You have to be 
able to do it In a confined space but with 
high yield and high nutritional quality,” 
he explained. 

There are other, less quantifiable 
goals in the CELSS programme. In 
addition to the potential spinoffs for 
Earth-based farm usage, the space 
gardens will eventually provide an¬ 
other benefit relaxation, with a living 
reminder of home, for astronauts on 
long-term space duty. 

After all, following a long day at 
work, it’s always refreshing to potter 
in a garden - even if that garden is float¬ 
ing more than three hundred kilo¬ 
metres above Earth. 


SOVIET COSMONAUTICS: 

Questions and Answers 


An official Soviet 
publication, 
produced by the 
Novosti Press Agency 
and edited by the late 
Valentin Glushko, 
designer of the 
Energla booster 
engines. 


The book covers most aspects of Soviet cosmonautics, 
including: early Soviet space flights, Soviet launch ve¬ 
hicles (including Energia), Soviet space stations, So¬ 
viet exploration of the moon and other planets, Soviet 
cosmonauts and the future of Soviet space flight. 



TOTCJ Journal of the British 
J Interplanetary Society 

The following complete volumes of the Journal of the 
British interplanetary Society are available from the Society 
in limited numbers: 


Year 

Vol 

No of 

Price 


No 

Issues 

£ 

1953 

12 

6 

12 

1955 

14 

6 

12 

1956 

15 

6 

ll 

1961/2 

18 

12 

20 

1965 

20 

6 

12 

1985 

38 

12 

20 


Later Volumes and single issues are available from the 
Society, for a detailed list please send a sae to the address 
below: 


Available from The British Interplanetary Society, 
27/29 South Lambeth Road. London SW8 1SZ, 
priced £2.50 (USS5.00) inclusive of surface mail delivery. 


The British Interplanetary Society, 
27/29 South Lambeth Road, 
London SW8 1SZ, England. 
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SOVIET SCENE 


Buran Pilot Killed 


Mir Profits 
“Hypothetical” 

The first tangible profit to be earned 
as the result of work on a Soviet 
manned space station could be the 
result of the work done on the Mir 
complex by cosmonauts Anatoli 
Solovyov and Aleksandr Balandin. 

It is estimated that the profit earned 
by the cosmonauts could be 13 million 
roubles. The current expedition is ex¬ 
pected to be no less profitable, accord¬ 
ing to Soviet spokesmen. 

Solovyov and Balandin took over 
2,000 pictures of the surface of the 
Earth and oceans with each one worth 
$1,000 on the world market. However, 
Glavkosmos head Aleksandr 
Dunayev says that no money has yet 
been transferred into the account of 
that agency and the projected sum of 
13 million roubles is “hypothetical". 

Eight dark, smooth, crystals ob¬ 
tained in the Galler and Krater plants 
of the Mir complex will be used in new 
technology where they are expected 
to revolutionise Soviet microelectron¬ 
ics. Soviet reports say the crystals’ 
price is 500,000 roubles each. More 
such crystals are to be obtained in the 
plants of the Kristall module which, the 
Soviets say, should repay the ex¬ 
penses of the module and its launch. 

The Soviets say that industrial pro¬ 
duction in space has yet to reach the 
level at which it can help repay ex¬ 
penses on manned flights. Foreign 
specialists believe that a kilogramme 
of composite material, obtained in 
space, should cost from one to 3.5 
million dollars on the world market, 
TASS reports. 

Neville Kldger 

Capsule Equipped 
Progress Docks 

Progress M-5 has docked with the 
Mir space station carrying a small 
ballistic capsule. When the cargo 
freighter has completed its mission 
the capsule will be used to recover 
substances produced aboard the 
space station. 

Progress M-5 blasted off from 
Baikonur on September 27 and 
docked with Mir two days later. In 
addition to its cargo of fuel, food, wa¬ 
ter, equipment and mail, the space¬ 
craft carried a prototype recoverable 
capsule (see Spaceflight, May 1990, 
p.150 for full details). The capsule will 
enable 150 kg of cargo to be returned 
to Earth at the end of the Progress M- 
5 mission. 

However, the future use of the capsule 
is in doubt. According to Soviet cosmo- 


The Soviet Union’s shuttle pro¬ 
gramme, Buran, has been dealt an¬ 
other setback with the death of Rlmln- 
tas Stankyavechus on September 9, 
who was to have flown the first manned 
mission of the programme with Igor 
Volk In 1992. 

Stankyavechus was killed when his 
single-seat Sukhoi-27 jet fighter crashed 
just minutes into an aerobatics routine at 
an air show in northeast Italy. An eyewit¬ 
ness said Stankyavechus’ plane seemed 
to be beginning a loop manoeuvre when 
he apparently lost orientation and 
crashed. The crash also killed a security 
guard and injured eight persons of an es¬ 
timated 40,000 crowd. 

Stankyavechus, and fellow Buran pilot 
Sergei Tresvyatski, had 
recently performed aero¬ 
batics in SU-27 aircraft 
during the Goodwill 
Games in Seattle, Wash¬ 
ington, USA. Before arri¬ 
val at the show the pair had 
caused US fighters to 
scramble over Alaska to 
intercept them as they es¬ 
corted an 11-62 passenger 
plane to the games. 

Volk and Stank¬ 
yavechus had made the 
first flights in the jet-pow¬ 
ered analogue of Buran 
from Ramenskoya air¬ 
base near Moscow. The 
first of the flights involvihg 
the craft took place on November 10, 
1985. 

The group of Buran test pilots was first 
formed in 1978 and apparently completed 
basic training in 1981. Out of the first 
group no fewer than four are now de¬ 
ceased: 

■ Oleg Konenko was killed testing a ver¬ 
tical take-off jet from an aircraft carrier 
in 1978, 

■ Anatoli Levchenko died of a brain tu¬ 
mour on August 6, 1988. He had com¬ 
pleted a short-duration flight on Soyuz 
TM-4/TM-3 in Dec. 1987. 

■ Aleksandr Shchukin was killed when 
his SU-26 light aircraft crashed on Au¬ 
gust 18, 1988. The two men who died 
so close In time together had been the 
second two-man team from the Volk 
group to fly the Buran analogue, 
Shchukin had been Levchenko’s re- 


naut Sergei Krikalev, the “complicated 
and expensive” capsule may be replaced 
by an unmanned Soyuz TM (see 
Spaceflight, August 1990, p.255). 

Plasma Experiment 

The departing Progress M-4 was used 
to conduct an experiment to study artifi¬ 
cial plasma formations prior to reentry. 
Cosmonauts Gennady Manakov and 
Gennady Strekalov installed the experi- 


By Neville Kidger 


serve on the Soyuz TM-4 flight. 

■ Stankyavechus. 

There appears to be very little about 
Stankyavechus’ background available to 
the press. He was born in 1944 and was a 
CPSU member. He probably attended the 
Moscow Aviation Institute as had the 
other Buran pilots and was not formally 
identified as a cosmonaut candidate until 
November 1988. 

Stankyavechus was apparently train¬ 
ing in 1989 for a flight to the Mir complex. 
He was seen water training with cosmo¬ 
nauts Afanasyev and Sev- 
astyanov and it was assumed 
that this would be the crew to 
make the flight in September 
1989. However, Rex Hall pro¬ 
poses that the Solovyov and 
Serebrov partnership in exis¬ 
tence at that time would have 
made the flight with Stank¬ 
yavechus. 

The Buran programme in 
general is also in trouble and, 
some analysts speculating 
that the entire programme 
may be cancelled as a cost¬ 
saving measure. It has been 
admitted in Moscow that the 
Buran programme cost the 
Soviet people 14 billion 
roubles to build. A recent Moscow exhibi¬ 
tion of civilian spin-offs from the pro¬ 
gramme was accompanied by claims 
from Boris Isachenko, the exhibition’s di¬ 
rector, that the application of technolo¬ 
gies developed for the space programme 
would, by the year 2000, benefit the So¬ 
viet economy by more than 2 billion 
roubles. 

The next flight of Buran is scheduled for 
late 1991 and will be an unmanned flight 
with a docking planned to the Mir Kristall 
module. James E. Oberg, however, is 
sceptical: “The plan to dock to Mir auto¬ 
matically strikes me as very imprudent on 
first space test of the manoeuvring au¬ 
topilot which controls all 38 variously- 
pointed control jets. This is a complex 
control task and we tested it on STS-7 with 
the small deployed satellite ‘SPAS-01". 

With acknowledgements to Rex Hall. 


ment to the docking unit of Progress M-4 
before closing Mil's docking hatch. The 
spacecraft undocked from Mir on Sep¬ 
tember 17 and remained in the vicinity of 
the space station while the two cosmo¬ 
nauts observed and photographed the 
plasma formations created by the experi¬ 
ment. At 15:04 Moscow time on Septem¬ 
ber 20, Progress M-4 fired its engines to 
start its reentry and bum up in the atmos¬ 
phere. 



Rimintas Stankyvecnus. 
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The Space Shuttle’s 

Columbia Grounded - NASA 



This rare view on September 5 shows two Shuttles on adjacent launch pads with the Rotating Sen/ice Structures retracted Columbia, in the foregound was 
being prepared lor mission STS-35 but hydrogen leaks have grounded the orbrter until December at the earliest. In the background Discovery is being 
prepared for mission STS-41, the deployment of the Ulysses probe. NASA 

Thi3 summer has been NASA’s worse period since the Challenger accident. Problems with the Hubble Space 
Telescope and the Magellan probe have brought criticism raining down on the space agency. But the most frustrat¬ 
ing problem for NASA must be the grounding of the Shuttle fleet Since the launch of the Space Telescope In April, 
hydrogen leaks have dogged the Shuttle programme. Throughout the summer launch after launch has been post¬ 
poned. NASA believes It has fixed Atlantis but has yet to verify this. Columbia’s leaks have remained elusive and 
that orbiter has been grounded indefinitely. Meanwhile, NASA’s hopes rest with the Shuttle Discovery, which has 
to launch the Ulysses solar polar orbiter within a vary tight launch window. 


-The Shuttle's run of bad luck began on 
May 29 when it first attempted to launch 
Columbia on a nine to ten day mission 


carrying the Astro observatory. The 
launch had already been postponed two 
weeks after a faulty valve was discovered 


in one of the arbiter’s two Freon coolant 
loops. After the valve was replaced, 
NASA set blast-off for 0:38 EDT on May 
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Long Hard Summer 

f erates a Two Orbiter Fleet 





Technicians work in Columbia's aft compartment 
to locate and fix the hydrogen leaks that have 
dogged Columbia this summer NASA 

30. At the T-5 hour 30 minute point. Liq¬ 
uid Hydrogen at -423 degrees F was 
slowly pumped aboard the Shuttle’s Ex¬ 
ternal Tank (ET) via the orbiter’s main 
propulsion system. This ‘slow fill’ accli¬ 
mates the fuel tank to the supercold liq¬ 
uid. About a quarter of an hour later the 
ET is about two per cent full. The slow fill 
is complete and the remainder of the fuel 
will be pumped aboard in the ‘fast fill’ 
mode. It was at this point that technicians 
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SHUTTLE UPDATE 


was found to be crushed. It, too, was re¬ 
placed. 

The STS-35 launch was rescheduled 
for September 18. Fuelling of the ET 
started 53 minutes late because of light¬ 
ning in the KSC area. As the fast fill mode 
began, launch controllers began to see a 
dramatic rise in the concentration of hy¬ 
drogen in the aft compartment. Levels 
peaked at 4,000 ppm when Bob Sieck 
scrubbed the launch for the fourth time. 

The Ulysses mission would have take 
priority while a new effort was mounted 
to fix Columbia. ’ 

Morale hit a new low. “The mood among 
technicians and engineers is depression 
after chasing [these leaks] down all sum¬ 
mer,” said Keith Hudkins, director of the 
Shuttle Orbiter Division at NASA Head¬ 
quarters. “But we won't launch until we 
solve it.” 

“Most of us* have been involved in the 
space flight business for some time and 
we know from experience that hardware 
problems can be difficult and it does not 
pay to fly until the spacecraft is ready,” 
STS-35 Commander Vance "Brand said 
shortly after the scrub. ‘The Astro-1 as¬ 
tronomy mission is very worthwhile and 
the crew is ready and anxious to fly as 
soon as the remaining hydrogen leaks are 
repaired.” 

NASA decided to ground Columbia 
indefinitely and operate a two orbiter fleet 
with Discovery and Atlantis. The launch 
of Discovery with Ulysses was set for 
October 6 and Atlantis would blast off in 
mid-November with its classified pay- 
load. The earliest Columbia could be 
launched again is early December. 

A tanking test will be performed on 
Atlantis but not on Discovery. Dr Bill 
Lenior, Associate Administrator for 
Space Right explains: 

“We have decided not to do a tanking 
test for the Ulysses mission for two rea¬ 
sons. One is that Discovery has no his¬ 
tory of any hydrogen leak problems. 
None-the-less we asked ourselves the 
question if we were conservative should 
we do one anyway? Our conclusion was 
No. It would cost five days to do one and if 
a leak was found it could not be repaired 
in time and make the end of the window 
and still get Ulysses off. Whereas, there 
are any number of things that might sur¬ 
prise us at the last minute: with an APU 
valve, a freon loop problem, an engine 
electronics unit or any number of things 
that require a couple of days, up to a 
couple of weeks [to repair]. The five days 
that we will not spend tanking might be the 
difference between flying or not flying.” 

After considerable testing, it was de¬ 
termined Atlantis was suffering from ex¬ 
actly the same problem as Columbia. 
Contamination was again discovered in 
the 17-inch flapper valve drive shafL 

"We are now confident that Atlantis will 
not leak,” said Lenior. “But we think that 
since we do not have a launch window 
constraint on that mission, it would be 
prudent to prove that we have indeed 
solved that problem.” 

To accommodate the new Shuttle 
schedule there will be another case of 
‘Shuttle Shuffle'. After the launch of Ulys¬ 



ses, Columbia will be moved from Pad A 
to Pad B, leaving A vacant for Atlantis. If 
Columbia’s leaks can be fixed on the 
launch pad, the orbiter will be moved back 
to Pad A after the launch of Atlantis. 

*We have a bit of a rain dance we will 
be going through,” said Dr Lenior. “Part 
of it is driven by the fact that flying 
Shuttles is not as straight forward as it 
looks. There are differences from one pad 
to the next, there are differences from one 
orbiter to the next, differences from one 
time of the year to next and w'e build our 
software [based on that]. So that once we 
planned, at a certain point, to go off of 
certain pad or with a certain vehicle or 
whatever, it is not necessarily simple to 
change. Now the pad of all thosd things is 
probably the easiest thing to change but 
since we started off down the path that 
had STS-38 on pad A we are going to leave 
it there.” 

By moving Columbia to Pad B it wifl still 
be possible to conduct tanking tests with 
liquid hydrogen but the orbiter will have 
to be moved for launch because Pad B is 
not equipped to service the additional fuel 
tanks that enable Columbia to remain in 
orbit for up to ten days. 

NASA is now looking back to the begin¬ 
ning of year for the cause of the Columbia 
leaks. During post-flight examination, 
following Columbia’s last mission in 
January, technicians discovered grit on 
filters in the main engines. The grit was 
identified as corundum, a substance 
used to dean and polish metal surfaces. 
It was used to clean the fuel lines in Mobile 
Launcher Platform 3 (MLP-3) which was 
being used for the first time on that par¬ 
ticular mission. The grit was small 
enough to pass through the filters in the 
fuel lines and enter the main propulsion 
system. 

‘We don’t think [the corundum] caused 
the leaks,” said Bob Crippen Shuttle Pro¬ 
gram Director. “What we did when we 
discovered the corundum was to go ih and 
ensure we had cleaned ft all out. In doing 
that we broke into the system in a number 
of places. What we think is that somehow 
in putting it back together we left one or 
more places where it was not completely 
sealed.” 

Keith Hudkins estimated technidans 
made 50-100 entries into the hydrogen 
system to remove the corundum. 

Robert Schwinghamer, Deputy Direc¬ 
tor of Space Transportation Systems at 
Marshall Space Right Center, was ap¬ 
pointed by Crippen to lead the team to 
locate the leak or leaks in Columbia’s aft 
compartment. NASA and contractor 
employees will be working round the 
clock to solve the problem. 

We have bought them all one-way tick¬ 
ets to the Cape and they do not get to come 
home until they have found the leak,” 
Lenior joked. 

Out of more than 200 joints in the Dr- 
biter's main propulsion system, the team 
has narrowed the possble leak areas to 
83. Columbia's aft compartment is being 
fitted with a closed circuit television cam¬ 
era which will, hopefully, locate any leaks 
during the planned tanking test 

Why is it taking NASA so long to solve 


Technicians dose the payload bay doors on the 
Astro observatory before the September 18 
launch attempt Astro ocajpis the upper por¬ 
tion of the payload bay, while the Broad Band X- 
Ray Telescope is visible on a separate mount in 
the lower portion of the bay. NASA 


the Columbia problem? 

Ulysses was the thing that was driving 
us all along,” said Lenior. We had the line 
in the sand. Ulysses could not slip because 
of its launch window. Rrst, we were anxious 
to get two flights off before Ulysses and 
when that wouldn't work, then one, and now 
we are down to none. But at every point 
Ulysses was driving us in a timing sense. 
We got rushed and we cfid not get a chance 
to stand back take the global look and do the 
real broad-based engineering. We more or 
less defaulted into a ’Hey I think its this. 
Let’s fix this and then see if it s’ and it has 
led us astray more than once. 

What our postmortem is going to focus 
on finally is what questions could we have 
asked back in May that would have driven 
us to find these leaks in parallel instead of 
one at a time. 

“I’m hopeful that we'll have Columbia 
back flying in the December time frame and 
pull the Astro mission off then,” Lenior said. 
We’re keeping our eyes on what it may take 
to pud that off. But we have spedfbafly not 
laid that on our engineofog team. They're 
to go out and find the leak, find all of the 
leaks, and then .we can get on with it” 
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The Ulysses spacecraft, with its dish-shaped high-gain antenna is transferred from the payload bay changeout room at Launch Pad 390 into Discovery's 
payload bay. NASA 

Technicians prepare to transfer the Ulysses 
spacecraft and attached upper stages, verticaTy 
pcsiticned in the payload canister, into the pay- 
load rhangeout room at the pad. NASA 

Go For Launch 

The Space Shuttle Discovery was 
ready for launch several days ear¬ 
lier than NASA expected. Dr William 
Lenlor, Associate Administrator 
for Space Flight, originally be¬ 
lieved October 8/9 was a likely date 
for lift-off. However, NASA was able 
to set the launch for October 6. 

With a launch window of just 19 days 
it was always going to be difficult to 
launch the Space Shuttle Discovery 
with the Ulysses solar polar orbiter. In 
mid-September Dr Lenior was predict¬ 
ing a delay of up to four days. But when 
Shuttle managers met for the Flight 
Readiness Review on September 24/ 

25 they decided to schedule the launch 
for October 6 just one day Into the 
launch window. 

This date Is a little success oriented 
and Is dependent on not encountering 
any unusual problems,* said Space 
Shuttle Director Bob Crippen after the 
meeting. 

Ulysses Radioisotope Thermoelec¬ 
tric Generator (RTG) was Installed 
during the early hours of October 2. 

Anti-nuclear protestors claiming a 
, launch accident would release pluto¬ 
nium above Florida failed In an attempt 
to block the launch through the courts. 

The White House Office of Science 
and Technology Policy approved the 
launch of Ulysses’ RTG on September 
24. 
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STS-41 UPDATE 


Ulysses Begins a New Odyssey 


Discovery Ends Six Month Launch Hiatus 


NASA’s Space Shuttle returned to 
flight In spectacular style on October 
6 when It blasted off with the Ulysses 
solar polar orblter. About six hours 
after launch the 370 kilogramme 
spacecraft was successfully deployed 
from Discovers payload bay. After a 
delay of seven years the probe finally 
began Its Journey out of the ecliptic 
plane Into a new orbit around the Sun. 
After a string of mishaps, the Ulysses 
launch was a success badly needed by 
NASA. STS-41 was the first Shuttle 
launch since April. On board were 
astronauts Richard Richards, Robert 
Cabana, William Shepherd, Bruce 
Melnlck and Thomas Akers. 

Discovery blasted off from launch 
pad 39B at 12:47:06 BST on October 
6, about 12 minutes later than origi¬ 
nally planned. Bad weather stopped 
the countdown at the T-9 minute mark 
until weather reconnaissance planes 
reported that conditions were within 
limits. The clock was also held at T-31 
seconds after a valve in the ground 
support equipment failed to close 
automatically. After a short delay the 
valve was manually commanded to 
close and the countdown resumed. 

After a flawless launch Discovery was 



I 

Ulysses In the payload bay shortly before deployment NASA 


inserted into a 160 nautical mile circular 
orbit The payload bay doors were opened 
during the second orbit and checkout of 
Ulysses and its IUS/PAM-S upper stage 
began. 

Six hours one minute and eight sec¬ 
onds after lift-off, springs provided the 
force to deploy the Ulysses/upper 
stage combination from the payload 
bay. The IUS and PAM stages oper¬ 
ated perfectly, making Ulysses the 
fastest man-made object in the Uni¬ 
verse. 

Telemetry from Ulysses was acquired 
by NASA’s Deep Space Network (DSN) 
ground station at Canberra, Australia at 
18:17. The 5.6 metre long radial boom, 
carrying three experiments, was de¬ 
ployed on October 7. It had the effect of 
reducing the spacecraft's spin rate from 
6.8 rpm to 4.7 rpm. The power output of 
the Radioisotope Thermoelectric Gen¬ 
erator (RTG) gradually increased as 
Ulysses sped away from the Earth. It 
stabilised at 283 Watts, about two Watts 
less than predicted. 

A Trajectory Correction Manoeuvre 
(TCM) was scheduled for Day 10 of the 
Ulysses mission. Analysis showed that 
the PAM-S stage performed better than 
expected and the probe will have to be 
slowed by about 60 metres per second to 
place it on the correct trajectory. A sec¬ 
ond TCM will be performed on Day 28, 
following which the probe’s wire and ax¬ 
ial booms will be deployed. Ulysses' 


hydrazine propulsion system was butt by 
British Aero^ars in Bristol 

Activation of Ulysses' nine instru¬ 
ments wtt begin on Day 14 after experi¬ 
ment covers have been jttfenned. 

Ulysses wtt fly-by Jupiter in February 
1992. Two and a half years later the probe 
wil begin its pass of the south solar pole 
followed by a pass of the north pole a year 
later. 

Back in Earth orbit. Discovery’s five 
man crew conducted a variety of experi¬ 
ments: 

■ On Day 2 of the mission the Solar array 
samples mounted to the Shuttle's Re¬ 
mote Manipulator System (RMS) arm 
were positioned over the edge of the 
Shuttle's payload bay to investigate any 
atomic oxygen damage. The results will 
determine if a Shuttle misaon to reboost 
the stranded Intelsat VI satellite is worth¬ 
while. 

■ The five astronauts were accompanied 
into orbit by 16 rats as part of an experi¬ 
ment to examine the effects of a syntheti¬ 
cally produced protein. The rats were 
housed in a self-contained animal enclo¬ 
sure providing temperature control, wa¬ 
ter and food. 

■ The crew evaluated a system for con¬ 
trolling the Shuttle’s closed circuit televi¬ 
sion cameras by voice commands. 

Discovery’s mission concluded with a 
landing on Runway 22 at Edward Air 
Force Base in California. The orbiter 
touched down at 14:57 on October 9. 


kfssxxt duration was 4 days 2 hours 10 
minutes 4 seconds. 

Discovery was due to return to the 
Kennedy Space Center on October 15 
atop the NASA 747 Shuttle Carrier Air¬ 
craft. 



Ulysses drifts away tom Discovery in this pio- 
tLre taken from the rear of the payload bay. 

NASA 
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NASA BUDGET CRISIS 


NASA BUDGET IN BRIEF 

Amounts allocated to the pro¬ 
gramme are given In bold. The sec¬ 
ond figure Indicates the amount by 
which the budget was reduced or 
Increased. 

Space Station Freedom 

$1.9 billion - $551 million 

Space Station Payloads 

$3 million - $12 million 

The budget for Space Station integrated 
and attached payloads was drastically 
cut. 

Assured Crew Return Vehicle 

$0 - $16 million 

The Space Station ‘lifeboat’ that is essen¬ 
tial if Freedom is to be manned on a per¬ 
manent basis. 

Shuttle Production & Operations 

$4,420.6 million '- $125 million 

Spacelab 

$125.7 million - $5 million 

National Aerospace Plane 

$95 million - $24 million 

Exploration Mission Studies 

$0 - $37 million 

Funds for President Bush’s Moon-Mars 
Initiative. 

Space Research and Technology 

$285.9 million - $210 million 

The $210 million deduction was taken 
from activities associate with the Moon- 
Mars plans. 

Advanced Transportation 
Technology 

$23.9 million - $30 million 

The Conferees agreed that $10.5 million 
shall be allocated for Shuttle-C. The re¬ 
maining funds are available for the Ad¬ 
vanced Launch Systems programme. 

Orbital Maneuvering Vehicle 

$0 - $85.4 million 

NASA itself cancelled the OMV project 
earlier in the year when it became dear 
that costs would escalate and that Con¬ 
gress was opposed to its development 



The US Congress has cut NASA’s 
budget by $1.2 billion to $13.9 billion 
and ordered the agency to redesign 
Space Station Freedom. The Space 
Station budget request for $2,451 bil¬ 
lion was cut by $551 million. NASA was 
told that Its budget Increase In the 
coming five years cannot exceed eight 
to ten per cent As expected, funds for 
a return to the Moon and a manned 
mission to Mars were deleted from the 
budget request. The Space Station re¬ 
design could prompt ESA to pull out of 
the project (see separate item). 

NASA has been dealt a severe blow by 
Congress on the space agency’s fiscal 
year 1991 budget. The Conferees, tasked 
with finding a compromise between the 
Senate and House budget allocations, 
cut $1.2 billion from the President’s 
budget request. 

NASA was putting on a brave face. In a 
statement, the space agency says it was 
pleased to receive a 13.6 per cent in¬ 
crease over last year’s budget. However, 
it was concerned that the funding is insuf¬ 
ficient to implement ongoing pro¬ 
grammes previously approved by Con¬ 
gress. 

Space Station Suffers 

Space Station Freedom has been 
badly hit. The project received only three 
quarters of the requested amount and the 
Conferees were critical of NASA's han¬ 
dling of the project. 

The Conference Report said the 
budget cut should not have come as a 
surprise. ‘The Committees on Appropria¬ 
tions have warned since the outset of this 
programme that future budget con¬ 
straints would render it virtually impos¬ 
sible to design, test and build the Space 
Station envisaged in 1984.” 

The report went on to say: “In the past, 
the Committees on Appropriations have 
suggested that NASA should examine the 
possibility of an incremental approach. In 
short, the Space Station should be devel¬ 
oped in useful phases - beginning with a 
man tended capability - followed by a 
manned capability and concluding with a 
permanently manned space station. The 
Conferees believe that concept or a simi¬ 
lar approach should be implemented now 
- if any space station is to survive.” 

The Conferees warned NASA “that the 
budget crisis is only beginning." They or¬ 
dered NASA to “immediately implement 
a revised Space Station design and as¬ 
sembly sequence which reflects an incre¬ 
mental approach and which assumes an 
outyear growth in the station funding 
profile of approximately ten per cent per 


Space Station dealt a severe budget blow. 

year with a peak year funding level of from 
$2.5 to $2.6 billion.” 

The Congress has given NASA 90 days 
to submit a revised Space Station plan. 
The Space Station phases are to be “suf¬ 
ficiently independent to achieve in orbit 
operation of that phase should new fund¬ 
ing threats evolve." 

The report also criticised the Space 
Station's reliance on the Shuttle. “It is 
doubtful if today’s Space Station could be 
supported by the current Shuttle launch 
system," it said. 'The existing design 
requires approximately 30 Shuttle flights 
to complete. When utilization flights are 
factored into the launch schedule, the 
station may require up to eight flights per 
year. Recent experience suggests that it 
is unlikely that the Shuttle system will 
support that or even a lower launch rate 
that is exclusively dedicated to the sta¬ 
tion.” 

The Conferees directed that the follow¬ 
ing principles be maintained: 

A fully equipped US microgravity labo¬ 
ratory (consistant with the availability of 
user payloads) before the launch of an 
habitation module. 

A requisite number of utilisation flights 
per annum following the launch of the US 
microgravity laboratory, during the man- 
tended phase. 

Life science, centrifuge and related 
support equipment shall be placed in an 
area other than the US microgravity labo- 
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ratory, such as a second laboratory, a 
node, an international partner’s module, 
etc. 

A total of 75 kW of power (if all phases 
of the station are developed) - with at least 
30 kW of power available to the users and 
with power and modules added in incre¬ 
ments that will ensure that user power will 
not be seriously degraded. 

‘Everything is Fair Game’ 

The study got underway on November 
6 at the Space Station Program Office in 
Rdston. NASA is expected to report back 
to Congress on January 22. 

Meanwhile,' the NASA Centers are con- - 
tinuing work on the Space Station, al¬ 
though the Goddard Space Flight Center 
has been told to stop work on the attached 
payloads accommodation equipment 
and the Johnson Space Center is not to 
send out their request for proposals for 
the Neutral Buoyancy Laboratory (NBL). 

Although NASA is remaining tight-lip¬ 
ped about the redesign. Spaceflight has 
obtained details of the guidelines issued 
to the 'boiler room’ team at Reston. 

In the words of Space Station chief 
Richard Khors, ‘Everything, is fair game’ 
in the 90-day redesign. 

The team has been instructed to de¬ 
velop a phased approach including ‘a 
minimum manned tended capability' and 
‘a minimum permanent manned tended 
capability'. 


One of the options should include a first 
element launch in March 1995. 

The Space Station’s power supply is to 
be increased in increments of 18.75 kW, 
instead of the planned 37 kW. 

The US habitation and laboratory mod¬ 
ules may be combined, 
to four per year. Three flights per year will 
be allocated for utilisation and logistics. 
This move has been welcomed by many 
in the space industry. The previous space 
station design required 30 missions for 
the assembly sequence. NASA Associ¬ 
ate Administrator for Space Flight, Or 
William Lenior, has said he is prepared to 
look at using expendable launchers for 
station assembly and logistics. However, 
he added that any scenario would have to 
be based on existing launch vehicles. 

The truss, if required, has got to be de¬ 
livered in pre-integrated sections. 

Specific areas to be considered for ‘de¬ 
letion, deferral or simplification' are: 

Facilities: the Space Station Process¬ 
ing Facility (SSPF), the NBL, the Space 
Station Training Facility (SSTF), the 
Space Station Control Center (SSCC), 
the POIC and the PTC. Maximum use is 
to be made of existing ground infrastruc¬ 
ture with no new facilities unless abso¬ 
lutely necessary. 

Modules - habitation and laboratory, 
nodes, cupulas, the closed loop ECSS, 
Trusses, the Right Telerobotic Servicer, 
the EVA airlock, the Technical Manage¬ 
ment Information Systems (TMIS), the 
Communications and Tracking System, 
the Data Management System. 

The following are to be ‘zero based*, 
NASA-speak for removed: 

The Mobile Transporter, the Astronaut 
Positioning System, the Astronaut Work- 
• ing Platform, the STS Aft Station capabil¬ 
ity and Ops Sustaining Engineering and 
Spares. 

Although the Congress allocated no 
funds for the Assured Crew Return Ve¬ 
hicle, NASA is continuing work on the 
project under a different name and 
budget The plans for the Space Station 
lifeboat have been scaled down to the 
very basics. 

Moon-Mars Funds Zeroed 

All funds for programmes connected 
with President Bush’s Space Exploration 
Initiative were zeroed by the Congress. t 
The Conferees accepted that the human 
exploration of the Solar System Is inevi¬ 
table but “the Initiation of a focused pro¬ 
gramme is not possible at this time”. 
However, NASA’s existing exploration 
studies will continue. 


NASA BUDGET IN BRIEF 


Mars Observer Enhancements 

$0 - $15 million 

The Congress eliminated funds to en¬ 
hance the Mars Observer spacecraft to 
support the President Bush’s Moon-Mars 
initaitive. 


EOS Polar Platform 

$132 million 


$44 million 


The Earth Observing System (EOS) po¬ 
lar platform is an important part of the 
'Mission to Planet Earth’ programme. 

Earth Probes 

$56 million + $31 million 

CRAF/Cassinl 

$145 million - $3 million 

The Comet Rendezvous and Asteriod 
Fly-by (CRAF) and Cassini missions 
were treated much better than expected. 
The Senate had earlier recommended a 
$50 million cut for the programme. 

Gravity Probe B, OSL, SIRTF 

$35.7 million - $11 million 

Funds to cover work on Gravity Probe B, 
the Orbiting Solar Laboratory (OSL) and 
the Space Infrared Telescope Facility 
(SIRTF) were cut by $11 million. NASA 
can decide how much to deduct from each 
project but the Conferees directed that 
priority be given tn the Gravity Probe B 
mission. 

Mission Operations 
and Data Analysis 


"$323.9 million 


+ $30 million 


The Mission Operations and Data Analy¬ 
sis budget was increased by $30 million 
to cover the cost of correcting the Hubble 
Space Telescope problems. 

Gamma Ray Observatory 


$22 million 


+ $22 million 


An additional sum to cover the continuing 
development costs of the Gamma Ray 
Observatory, the launch of which has 
been delayed until next year. 


Ocean Topography Experiment 
(T0PEX) 


$71 million 


+ $3 million 
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NASA BUDGET CRISIS 


ESA 

Space 


The European Space Agency will 
pull out of the Freedom Space Sta¬ 
tion project if the redesign breaks 
the Intergovernmental Agree¬ 
ment (IGA), ESA officials have told 
Spaceflight. The outcome of the 
redesign could postpone the 
launch of the European attached 
laboratory until early next cen¬ 
tury, which ESA considers to be an 
unacceptable delay. The Japa¬ 
nese are also concerned about the 
future of their laboratory module. 

In September 1988, the ESA mem¬ 
ber nations and the US signed multi¬ 
lateral !GAs and a bilateral Memoran¬ 
dum of Understanding (MOU). The 
agreements specified what was ex¬ 
pected of the two space agencies. 
Europe’s main contribution to the proj¬ 
ect is the Columbus Attached Labora¬ 
tory, still known within ESA circles by 
its former name, the APM or Attached 
Pressurised Module. Under the agree¬ 
ment, the 12.7-metre long laboratory 
was to receive power and other re¬ 
sources from the US portion of Free¬ 
dom. ESA had a 12.8 per cent share in 
the utilisation and in the operational 
costs of the Space Station. 

However, the relationship between 
ESA and NASA has not always been 
smooth. Last year, European officials 
were furious when they were not con¬ 
sulted when NASA ‘descoped’ the 
Space Station, again because of 
budget problems. 

The present redesign is likely to be 
the final straw. The launch of the APM, 
originally scheduled for 1997, could be 
delayed until early next century. One 
ESA official said the delay could be as 
long as five years. Also, the redesign 
could leave the international modules 
without the resources they were ex¬ 
pecting. 

A senior Columbus programme offi¬ 
cial told Spaceflight, “I can't see why 
we don't pull out but apparently we 
have to wait for the Americans to break 
the IGA.” 

“We do not want to initiate anything 
ourselves,” said another official. 

According to NASA’s guidelines for 
the redesign, “the goal is to maintain 
the international agreements to the 
extent that is reasonably possible.” 
However, ESA officials admit that 
NASA does not seem to be placing a 
great deal of emphasis on sustaining 
the agreements. 

The European partners are to be 


Ready to Quit 
Station Project 



Interior of the Columbus module mock-up. 

briefed on the redesign effort on No¬ 
vember 16, December 14, December 
21 and January 9. 

ESA Think Tank to Report 

Early next year a think tank on the 
Columbus, Hermes and Ariane 5 pro¬ 
grammes is due to report. The study 
was ordered by the new ESA Director 
General, Jean-Marie J-uton, to It^ok at 
ways of reducing -costs. 

“In the new year we will have Luton’s 
special team reporting, we shall have 
the result of the Space Station study 
and the Germans will no doubt tell us 
what they are doing with the East 
Germans and the Russians,” the Co¬ 
lumbus official said. “1 expect next 
year to be a new page in the book.” 

Concentrate on the MTFF 

If ESA was to cancel the APM It 
would allow the space agency to con¬ 
centrate on the Columbus Man 
Tended Free Flyer (MTFF). The MTFF 
consists of a pressurised laboratory 
module and an unpressurised re¬ 
source module. Unlike Spacelab and 
the Space Station laboratories, the 
Free Flyer will provide long periods of 
very low microgravity levels for mate¬ 
rial science and biolo^cal research, 
undisturbed by the presence of man. 


The MTFF was to dock with Free¬ 
dom for servicing and replacement of 
Its Resource Module. ESA is already 
looking at ways of- removing, the Free 
Flyer’s dependence on Freedom. 
Even if ESA stays in the project, the 
redesign may make it impossible for 
the MTFF to dock with the space sta¬ 
tion. 

ESA is also considering some alter¬ 
native designs for the Free Flyer. The 
space agency Is considering placing a 
docking unit at each end of the pres¬ 
surised module. The resource module 
would be docked to one port with the 
other accommodating Hermes. When 
the resource module comes to the end 
of its life a replacement module docks 
to the opposite port and the old re¬ 
source module is jettisoned and deor- 
bfted, leaving the port free for Hermes. 

According to one ESA official, this 
type of design could prove to be 
cheaper than the original concept. 

Another cost-cutting idea would be 
replace the MTFF resource module 
with a modified Ariane Transfer Ve¬ 
hicle (ATV). The ATV Is being de¬ 
signed by British Aerospace and Aero¬ 
spatiale for ESA. 

“It’s stupid for two programmes to be 
building these two things side by side,” 
said the Columbus official. 
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First Inmarsat 2 Launched on 
200th Delta Rocket 


Inmarsat 2 FI was successfully 
placed In orbit by the 200th 'McDon¬ 
nell Douglas Delta launch vehicle 
on October 30. The satellite Is the 
first of the British Aerospace/Matra 
Espace Eurostar platforms. 

The Delta II blasted off from Cape 
Canaveral Air Force Station launch 
pad 17B at 18:16_EST on October 30. 
Approximately 44 minutes later Inmar¬ 
sat 2 separated from the Delta third 
stage as it passed over the Indian 
Ocean. 

The satellite is the first of four sec¬ 
ond generation mobile communica¬ 
tions satellites built by British Aero¬ 
space for Inmarsat. The spacecraft is 
equipped with an advanced communi¬ 
cations payload provided by Hughes 
Aircraft Company. Using separate 
phased array transmit and receive 
antennas operating at L and C-band 
frequencies, it will provide reliable 
high quality communications for up to 
250 mobile users at a time. By com¬ 
parison just 50 users can be accom¬ 
modated on each of Inmarsat’s first 
generation Marecs satellites. 

The Inmarsat 2 FI communications 
payload was due to be activated on No¬ 
vember 9. Checkout of the satellite will 
continue as it drifts towards its opera¬ 
tional position at 64.5 degrees East. 

Inmarsat 2 FI represents the first 
launch of a communications satellite 
based on Eurostar - a modular de¬ 
signed three-axis stabilised satellite 
platform designed by British Aero¬ 
space and Matra Espace of France. 
The satellite comprises a platform 
module accommodating the space¬ 
craft systems and a communications 
module housing the communications 
payload. Ttoo Solar arrays, each com¬ 
prising three rigid panel panels, pro¬ 
vide 1,200 Watts electrical power, with 
nickel cadmium batteries supplying 
power during eclipse phases. 

Eurostar is Europe’s best-selling 
satellite platform, with sales to date 
totalling 13 spacecraft to five custom¬ 
ers. 

Inmarsat 2 F2 will be launched by 
Delta II in February 1991, with F3 and 
F4 scheduled for launch by Ariane in 
July and November 1991. 

Inmarsat provides mobile commu¬ 
nications for aircraft, ships and land- 
based vehicles. The international 
organisation, based in London, has 61 
member countries. 


The 200tti Delta lamch vehicle blasts off from 
Launch Complex 17B at Cape Canaveral Air 
Force Station. Inmarsat 
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Call for 

The major European nations could 
pool resources to provide a combined 
military space surveillance system 
and consider forming a |olnt space 
defence agency to undertake the veri¬ 
fication of arms control treaties, ac¬ 
cording to Sir Peter Anson, Chairman 
of Marconi Space Systems. The agency 
could work In a similar way to Europe’s 
civil space organisation, the European 
Space Agency, he said. 

Sir Peter outlined his ideas to an audi¬ 
ence of military planners and strategists 
at the Armed Forces Communications 
and Electronics Association conference 
in Brussels. 

“Recent events show that you never 
know how the next political change or up¬ 
heaval will affect Europe - no matter how 
distant the conflict,” said Sir Peter. 

“If Europe is to rely on a space verifica¬ 
tion system we have got to do it well. The 
key to the whole thing is faultless per¬ 
formance,” he said. 

The nine member Western European 
Union (WEU) has already taken a close 
interest in space verification and two 
years ago concluded that military space 
surveillance systems had already con¬ 
tributed directly to international peace 
and were essential to arms control. Ear¬ 
lier this year the WEU threw further 
weight behind the idea when it approved 
a new report Which stressed the impor- 

European Spy 

tance of developing an autonomous sat¬ 
ellite verification capability. 

Next year a Conventional Forces in Eu¬ 
rope (CFE) Treaty is due to be signed and 
a key to its subsequent success wil be the 
provision of independent, conclusive and 
faultless verification measures. 

“All the basic elements of the orbital 
and ground segments of a space verifica- 

Satellite 

tion system have either been built or 
flown, or are in advanced development in 
Europe,” said Sir Peter. 

“Further studies are now needed to de¬ 
fine the operational requirements, sys¬ 
tem specifications and costs as an essen¬ 
tial first step to agreement on a collabo¬ 
rative European verification pro¬ 
gramme,” he added. 

Biokosmos-9 - 1 

Soviet and ESA scientists have now 
analysed the Ife science experiments 
from Denmark, Germany, Norway, 
Spain and Switzerland carried out In 
mlcrogravlty aboard the Soviet Un¬ 
ion's Blokosmos-9 spacecraft In Sep¬ 
tember 1989. The results confirm the 
observations that mlcrogravlty af¬ 
fects the function of biological cells. 

In previous experiments the eggs of 
stick insects at five different ages (l-V) 
were exposed to microgravity for seven 
days and allowed to develop further on the 
ground. Only 50% of the stage II eggs 
hatched, whereas eggs in other stages 
were unaffected. While the larvae on 
Biokosmos-9 developed into apparently 
normal insects, they were unable to 
hatch. The hatching and embryonic de¬ 
velopments of fruit-flieS was also inhib¬ 
ited in half the eggs laid in space with the 
adult male population exhibiting a no- 

r he First Results 

ticeably shorter lifespan than their Earth- 
bound counterparts. 

During the mission, flies were con¬ 
ceived and spent their entire lives in 
microgravity until their return. Compared 
with flies born at 1-G, they were severely 
affected, taking a week longer to emerge 
from the pupae, being less active with 
shorter lifespans despite many more 
eggs being laid in weightlessness. This 
indicates a gravity-dependant step oc¬ 
curs at some stage, affecting the abilities 
of fully developed insects. Which embry¬ 
onic stage is sensitive to the absence of 
gravity? Why and how is the embryo af¬ 
fected? These are the outstanding ques¬ 
tions for ESA Project Scientist Dick 
Mesland. Many effects need further in¬ 
vestigation and there still remains the 
question of flies with disabilities yet to be 
discovered. 

Jon Chappell 


- The BIS Video Collection - 

The British Interplanetary Society is proud to offer two new tides in The BIS Video Collection. 

STS-31: STS-32: 

The Hubble Deployment The Recovery of LDEF 

In April 1990 the Space Shuttle Discovery blasted off from the This official NASA video shows the highlights of the Space 
Kennedy Space Center with the Hubble Space Telescope. This Shuttle’s January 1990 mission to recover the Long Duration 
video covers the mission from beginning to end. Footage from Exposure facility (LDEF). The video covers the ten-day flight 
the Shuttle and Mission Control depicts the major events during from the T-3 hour point through to the nighttime landing at 
the deployment of the orbiting observatory. ftwmgTmSS Edwards Air Force Base in California. Running rime55mm 

Tapes are VHS PAL format only. Please check your equipment is crxnpatfcte. ABow 28 days for delivery in the UK & six weeks overseas 


Please send me the following video cassette(s): pmseTk* 

□ STS-31 Mission Highlights E15 (US$27) 

□ STS-32 Mission Highlights £15 (US$27) 

Postage & Packing per cassette: £1 (US$2) in the UK. £1.75 (US$3.50) surface mail overseas. £3.75 (US$7) airmail. 

I enclose a chequeVPO/IntemationaJ Money Oder payable to the British Interplanetary Society totalling £_ 


Address: 


Send to: The British Interplanetary Society, 27/29 South Lambdh Rood, London 3W813Z, England TEL: 071 735 3100 
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Astronauts Retire From NASA 

Astronauts Bruce McCandless and 
Mike McCulley have resigned from 
NASA and the US Navy. 

US Navy Captain Bruce McCandless II 
was one of NASA's longest serving astro¬ 
nauts, having joined the space agency in 
April 1966.^He has not announced his 
plans for the future following his retire¬ 
ment on August 31. 

During his first space flight, STS 41 -B 
in February 1984, McCandless made the 
first, untethered, free flight in the Manned 
Maneuvering Unit (MMU) which he devel¬ 
oped with Charles E. ‘Ed’ Whitsett of the 
Automation and Robotics Division at the 
Johnson Space Center. Paraphrasing 
Neil Armstrong’s historical comment on 
Apollo 11, McCandless said, “That may 
have been one small step for Nell, but it's 
a heck of a big leap for me,” just before 
leaving the Orbiter’s payload bay for his 
MMU flight. 

His second flight, STS-31 in April 1990, 
deployed the Hubble Space Telescope. 

McCandless was heavily involved in 
designing the telescope for easy in-orbit 
servicing by space walking astronauts. 

McCandless was Capcom on Apollo 10 
and 11 and a member of the astronaut 
support crew for the Apollo 14 mission. 

He was backup pilot for the first manned 
Skylab mission and was co-investigator 
with Whitsett on the M-509 astronaut 
maneuvering unit experiment which was 
flown in Skylab. 


VISION OF SPACE 

Soar above the red deserts of Mars, marvel at ringed Saturn from 
the craggy surface of one of its moons. Travelling through the 
Solar System is much easier than you thought: simply invest in a 
40-slide set of space art available now. 

This is your chance to own a superb 40-slide collection show¬ 
ing the best works of Space Art pioneer the late Chesley 
Bonestell, a former Fellow of the society. 

“Chesley Bonestell's pictures,” Wernher von Braun once said, 
“are more than just reproductions of beautiful ethereal paintings 
of worlds beyond. They present the most accurate portrayal of 
those far-away heavenly bodies that modern science can offer” 

For the incredibly low price of £18 (US$32), including P&P and 
VAT, you will receive 40 slides showing the goldon age of 
Bonestell from the late 1940s to the 1960s, in their own presenta¬ 
tion box, together with a cassette tape describing the pictures. 

Pictures presented include: “Lunar Landscape.” “Moon Land¬ 
ing,” “Eclipse of Sun by Earth,” “Creation of the Moon's Mare Im- 
brium," “The Planet Saturn,” “Recoverable Winged Shuttle Ve¬ 
hicle.” “Baby Space Station,” “The Planet Mars' and many more. 

These pictures are now collector's items, so only a small num¬ 
ber are available. 

To be sure of your set send your order and remittance now to: 
The British Interplanetary Society, 27/29 South Lambeth Road. 
London SW8 1SZ. We will dispatch your slide set and cassette 
immediately while stocks last. 

Chesley Bonestell was awarded the Society's Bronze Medal hr 
his outstanding contributions 1o the promotion ol public interest in 
astronautics .. A lull account of his lile and work appeared in 
Spaceflight, March 1969. 




Bruce McCandless. NASA 


In addition, McCandless was involved 
in thd davelopment of the Inertial Upper 
Stage, the Solar Maximum (Solar Max) 
Repair Mission and the Space Station 
programme. 

McCandless remained an active-duty 
Naval officer through his NASA career. 
He retired with more than 32 years of 
Naval service. 

Mike McCulley, a US Navy Captain, 
retired from NASA following the STS-41 
Ulysses launch. McCulley has accepted 
the post of Vice President and Deputy 
Director, KSC-Launch Site, with Lock¬ 
heed Space Operations Company. 1 am 
not changing teams with this move, only 



Mika McCulley. NASA 


my position on the team,” McCulley said. 
In his new position, McCulley with be 
heavily involved in the day-to-day proc¬ 
essing of the Space Shuttle fleet. 

McCulley was the pilot on mission 
STS-34 during which the crew success¬ 
fully deployed the Galileo spacecraft for 
its journey to explore Jupiter. Selected by 
NASA in May 1984, McCulley has served 
as the Astronaut Office weather coordi¬ 
nator, the flight crew representative to 
the Shuttle Program Requirements Con¬ 
trol Board, Technical Assistant to the 
Dfrector of Flight Crew Operations and as 
head of the Astronaut Support team at the 
Kennedy Space Center. 
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EAGLE HAS LANDED 

The Flight of Apollo 11 

The story of the historic frst landing of men on the Moon in July 1969. 
Depicts the highlights of the eight day mission from launch through to 
post-splashdown activities. 

This award winning NASA film provides an ‘eyewitness’ perspec¬ 
tive of theflight of astronauts Neil Armstrong, BuzzAldrin and Michael 
Collins through television, motion picture and still photography. 

Running time 28.5 min 


Tapes are VHS PAL format only. Please check your equipment is compatfele. Allow 28 days for delivery in the UK & six weeks overseas 


The BIS Video Collection 


■ Blast off from Kennedy Space Center 

■ Deployment of the Long Duration Exposure Facility (LDEF) 

■ Rendezvous with Solar Max 

■ Space walking astronaut Pinky Nelson attempts to catch the 
satellite using the MMU back pack 

■ Solar Max tumbles out of control when space walk fails 

■ Solar Max is finally grappled by the robot arm and placed in the 
payload bay 

■ Nelson and Ox Van Hoften make a spacewalkto repair the satellite 

■ The robot arm redeploys Solar Max to continue its mission 

■ Bees in space - a student experiment 

■ Landing at Edwards Air Force Base in California 


There is no comentary on STS 41-C Video Highlights, apart 
from the astronauts’ transmissions and occassional announce¬ 
ments frorfi the NASA Public Affairs Officer. The tape is accom¬ 
panied by a FREE mission guide book. Running time 56 min 


The British Interplanetary Society Is proud to offer a stunning 
record of man’s exploration of space brought to your home by 
The BIS Video Collection. The first cassettes In this exciting 
collection are now available. 


STS 41 -C 

The Repair of Solar Max 

In April 1984 the Space Shuttle Challenger was launched on a 
daring repair mission. The Solar Max satellite had malfunc¬ 
tioned soon after its launch in 1980. Fortunately, the spacecraft 
was the first to be designed for in-orbit servicing so plans were 
drawn up for a mission to repair it. 

This official NASA video shows the highlights of this exciting 
mission. It includes: 


Please send me the following video cassette(s): pimmuc* 

□ The Eagle has Landed: The Flight of Apollo 11 £11 (US$20) 

□ STS 41-C Video Highlights £15 (US$27) 

Postage & Packing per cassette: £1 (US$2) in the UK. £1.75 (US$3.50) stvfece mail overseas. £3.75 (US$7) airmail. 

I enclose achecjja'PO/Intemationa) Money Order payable to the British Interplanetary Society totalling £.. 


Name: 


Address: 


Send to: The British Interplanetary Society, 27/29 South Lvnbeth Road, London SW818Z, England TEL: 071 735 3160 
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Unified 

Germans Make 
Music Together 

A notable result of the recent reuni¬ 
fication of East and West Germany 
has been the change the process 
will have upon the space efforts of 
the two nations. 

It emerged during the recent IAF 
Congress that West German space 
managers are considering upgrading 
or closing down former East German 
manufacturing planets. The strain of 
this may result in programmes being 
cut back. 

The West German DLR aerospace 
research establishment has already 
established links with the East Ger¬ 
man Academy of Sciences’ IFK Insti¬ 
tute of Cosmic Research located in 
Berlin. It is expected that the DLR 
agency will establish a basis for a new 
aerospace centre in Berlin. 

One of the first acts of cooperation has 
been the merging of instruments being 
developed in both agencies which are to 
be flown on the Soviet/international 
Mars-1994 mission. The merge of the 
East German wide-angle optoelectronic 
stereo scanner and the West German 
high resolution stereo camera has been 
christened the Multifunctional Stereo 
Imaging Camera, or MUSIC. 

The camera will be able to provide pic¬ 
tures of the Martian surface with a reso¬ 
lution of 10 metres. 

The East German Kart Zeiss Jena firm 
provided high-quality optics for cameras 
for the Soviet Union’s space programme 
in the past including the MKF-6 and 6M 
multispectral camera systems. An MKF- 
6M is located on the Kvant 2 module as is 
a stellar sensor unit called Astro-1 devel¬ 
oped by the firm and currently being 
marketed for a variety of spacecraft. 

Neville Kldger 


Pegasus Receives Fifth Launch Order 
and Air & Space Museum Trophy 



Photo of the Pegasus booster under the wring of its NB-52 launch aircraft. The separation points be¬ 
tween the first and second stage, and the second stage and the payload shroud/third stage are clear. 
Pegasus Is the first air launched orbital booster ever developed. Three captive flights and one orbital 
launch have been made. The NB-52 was used for the X-15 and Lifting Body flights in the 1960s and 
1970s and drop tests of the SRB recovoy parachutes. Its latest project was to test a braking parachute 
for the Space Shuttle. Curtis Peebles 


On October 4, 1990 Orbital Sciences 
Corporation (OSC) received a fifth 
order lor Its Pegasus air launched 
booster from the Defense Advanced 
Projects Agency (DAPRA). The order Is 
worth $7 million. The four earlier con¬ 
tracts were 2 for DAPRA, one for the Air 
Force, and the Oeconber 1992 launch 
of the Swedish Fre|a satellite. (The 
first trtt&rs*k*ia) Pegasus launch.) 

The first Pegasus was successfully 
orbited on April 5, 1990 from the wing of 
its NB-52 launch aircraft. The twin satel¬ 
lite payload was Pegsat; a NASA barium 
release experiment attached to the Peg¬ 
asus' third stage and USA 55, a 68 kg US 
Navy Glomar satellite to test data relay 
and tracking of Soviet submarines under 
the arctic ice pack. 

On October 19, the Pegasus team was 
awarded the 1990 National Air and Space 
Museum Trophy. The Pegasus team was 


By Curtis Peebles 

California, USA 


cited for building the world’s first pri¬ 
vately developed booster, the first air 
launched booster, and the first new US 
orbital rocket developed in 20 years. 

The National Air and Space Museum 
Trophy was established in 1985 to honour 
those who had made extraordinary con¬ 
tributions in aviation and space science 
and technology. Other winners of the 
Trophy include: NASA’s Robert Gilruth, 
astronaut John Young, Dr. Edward Stone 
and the Voyager spacecraft team, Paul 
MacCready, Dick Rutan and Jeanna 
Yaeger, Harold Masursky, Sir Frank 
Whittle, Dr. Edwin Land; and Kelly 
Johnson and the SR-71 design team. 


US & USSR Agree on Ozone Monitoring 


The United States and the USSR have 
signed an agreement to fly NASA’s 
Total Ozone Mapping Spectrometer on 
a Soviet Meteor-3 spacecraft In 1991. 

The flight of the TOMS instrument on 
the Meteor-3 will provide critical environ¬ 
mental data on the yearly variability of the 
ozone hole over Antarctica. 

The agreement was signed by George 
P. Esenwein of NASA Headquarters' Of¬ 
fice of Space Science and Applications, 
and Dr. N.N. Petrov, deputy chief of Main 
Department, Soviet State Committee for 
Hydrometeorology, Moscow, following 
the US/USSR Earth Sciences Joint Work¬ 
ing Group meeting. 

Since 1978, the TOMS instrument 


aboard the Nimbus-7 satellite has moni¬ 
tored global ozone concentrations, fo¬ 
cusing on the annual depletion of ozone 
over the southern hemisphere and the 
development of the Antarctic ozone hole. 
Since Nimbus-7 has already performed 
well beyond its design lifetime, the 
TOMS/Meteor-3 mission will guarantee 
continuous measurements of the crucial 
global ozone data set until the next sched¬ 
uled TOMS flight aboard a US spacecraft 
in 1993. That flight will be followed in two 
It three years by a TOMS instrument 
flight aboard a Japanese ADEOS satel¬ 
lite. Both missions have been proposed 
to Congress as part of the new 'Earth 
Probes” programme requested in the 


President’s fiscal year 1991 budget 

Global ozone measurements are a key 
element of the Mission of Planet Earth 
programme to better understand environ¬ 
mental changes on Earth and the nature 
of global change. TOMS measurements 
also will be an important complement to 
the Upper Atmospheric Research Satel¬ 
lite (UARS), planned for launch on STS- 
48 in 1991 to make extensive observa¬ 
tions of the physics and chemistry of the 
upper atmosphere. 

The Earth Sciences JWG was estab¬ 
lished under the US/USSR Space Sci¬ 
ence Agreement signed in April 1987. 
TOMS will be the first US instrument to fly 
on a Soviet spacecraft. 
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STS-38 PREVIEW 


Gulf Spy Role for Atlantis Mission 

Payload Problem Delays Launch 


The launch of the Space Shuttle 
Atlantis on mission STS-38 has 
added significance because of the 
Gulf Crisis. The orfolter was origi¬ 
nally scheduled for launch In July 
but was delayed because of the liq¬ 
uid hydrogen leak problems. Since 
then the Shuttle’s mission appears 
to have been modified to meet the 
requirements of the US military ef¬ 
fort In the Gulf region. 

As previously reported in Spaceflight, 
Atlantis is believed to be carrying a low 
Earth orbit reconnaissance satellite, 
capable of providing high resolution im¬ 
ages. The spacecraft, code named AFP- 
658, was expected to be deployed into a 
high inclination orbit to cover a large 
proportion of the Earth’s surface. How¬ 
ever, since the Iraqi invasion of Kuwait 
the attention of the US intelligence com¬ 
munity has centred on the Persian Gulf. 
As a result, AFP-658 is now likely to be 
deployed into a lower inclination orbit to 
give more extensive coverage of the 
Middle East. 

Atlantis was cleared for launch on 
November 9 after a liquid oxygen and liq¬ 
uid hydrogen tanking test, conducted on 
October 24, confirmed there was no leak¬ 
age from the 17-inch disconnects. 

However, on October 31 the Air Force 
and NASA announced the launch had 
been postponed indefinitely to "resolve 
anomalies discovered during payload 
testing.” Due to the classified nature of 
the payload the Air Force was unwilling to 
discuss details of the work. Although 
AFP-658 had to be removed from the 
payload bay, the problem did not prove to 
be serious and was quickly corrected. 

On November 6, NASA announced the 
nighttime launch had been rescheduled 
for November 15 during a four-hour pe¬ 
riod starting at 18:30 EST. The exact 
launch time will not be made public until 
T-9 minutes. However, it is understood 
that blast-off will occur early in the four- 
hour period during a one hour 25 minute 
launch window. 

The 22,000 lb spy satellite is one of the 
heaviest military payloads to be 
launched. Atlantis will initially be in¬ 
serted into a circular 117-nautical mile 
orbit with an inclination between 28.5 and 
35 degrees. The Orbital Maneuvering 
System engines will then be used to raise 
the orbit to 130 nm. The orbit could be 
further raised to 143 nm. 

AFP-658 can be deployed at various 
times during the mission. At this stage it 
is not clear if the remote manipulator arm 
will be used for the operation. The satel¬ 
lite could be deployed using the Stabi¬ 
lized Payload Deployment System (see 
Spaceflight, April 1990, p.112). An up¬ 
per stage will be used to boost the satel¬ 



STS-38 Commander Dick Covey tries on his pressure suit helmet 


lite’s orbit by about 400 nm after deploy¬ 
ment. 

The mission will last four days and 
conclude with a landing at Edwards Air 
Force Base in California. 

The five-man crew for STS-38 consists 
of Commander Richard Covey, Pilot 
Frank Culbertson and Mission Special¬ 
ists Charles Gemar, Carl Meade and 
Robert Springer. Further details appear 
overleaf. 

STS-38 will be the last classified De¬ 


partment of Defense mission. Discovery 
will make the first ‘open’ DoD mission in 
late February 1991. The orbiter will carry 
the Cryogenic Infrared Radiance Instru¬ 
ment for Shuttle (CIRRIS) and the Infra¬ 
red Background Signature Survey 
(IBSS). 

After its return, Atlantis will begin 
preparations for its next flight, STS-37, 
the deployment of the Gamma Ray Obser¬ 
vatory. The mission is scheduled for 
March or April next year. 


Columbia Cleared for Launch 


Columbia has finally been cleared for 
launch on mission STS-35. The flight 
has been postponed since May while 
NASA tracked down leaks In the ar¬ 
biter's Main Propulsion System (MPS). 

A three-hour long liquid hydrogen tank¬ 
ing test has proved that Columbia no 
longer suffers from the hydrogen leaks 
that have dogged 3 throughout the sum¬ 
mer. During the test on October 30 no 
leaking hydrogen was detected around 
the exterior of the 17-inch disconnect. 
Hydrogen concentrations in the orbfter's 
aft compartment peaked at 100 to 150 
parts per million (ppm) - launch rules 
permit no more than 600 ppm. By compari¬ 
son, sensors registered 6,500 ppm in the 
aft compartment on Columbia’s Septem¬ 
ber 6 launch attempt 

During inspections of the aft compart¬ 
ment technicians had discovered a 
crushed cover seal on the Main Engine 
No.2 prevalve and replaced it. Earlier a 
seal on the No.3 engine prevalve was also 
found to be damaged. Learning from 3s 
recent lessons, NASA was not confident 


that Columbia would pass the tanking 
test The aft compartment had been wired 
up wfth sensors and closed circuit televi¬ 
sion cameras to locate any remaining 
leaks but, fortunately, they proved un¬ 
necessary. 

A firm launch date for STS-35 will be set 
at the Right Readiness Review on No¬ 
vember 27. According to NASA spokes¬ 
man Mark Hess, NASA is still aiming to 
launch Columbia in early December. 
Shuttle Director Bob Crippen has said the 
launch will not go ahead until the perform¬ 
ance data from STS-38 has been ana¬ 
lysed. Typically, this work takes about 
three weeks. 

Columbia is currently standing on 
launch pad 39B. It will be moved to pad A 
for final launch preparations after the 
STS-38 blasts off. 

The orbiteris payload for the nine day 
mission is the Astro-1/BBXRT observa¬ 
tory. For further details about the STS-35 
mission see Spaceflight, May 1990, 
p.172-174, June 1990, p.184-186 and 
September 1990, p.309-310. 


3PACEFLIGHT, Vol. 32, December 1990 


385 








STS-38 PREVIEW 


COMMANDER 

Richard O. Covey (Colonel, USAF) 

Dick Covey was bom on August 1, 1946, 
in Fayetteville, Arkansas, but considers 
Fort Walton Beach, Florida, to be his home 
town. Covey joined NASA in January 1978. 

Prior to the first flight of the Space 
Shuttle, he provided astronaut support in 
Orbiter engineering and testing. He was a 
T-38 chase pilot for the second and third 
Shuttle flights and support crewman for the 
first operational Shuttle flight, STS-5. 
Covey also served as Capcom for Shuttle 
missions STS-5, 6, 61-B, 61-C and 51-L 
Covey was pilot of STS 51-1 in August and 
September 1985. During the mission the 
five man crew deployed three satellites and 
repaired the SYNCOM IV-3 satellite. In 
September/October 1988 Covey was pilot 
of STS-26, the first mission after the Chal¬ 
lenger accident He has logged a total 207 
hours in space. 

PILOT 

Frank L. Culbertson (Commander USN) 
Born on May 15, 1949, in Charleston, 
South Carolina, Culbertson considers Holly 
Hill to be his home town. 

He joined NASA as an astronaut cand- 
date in May 1984. His first technical assign¬ 
ment was as a member of the team that re¬ 
designed and tested the Shuttle nosewheel 
steering, tyres and brakes, to provide addi¬ 
tional safety margins during landing. Cul¬ 
bertson was a member of the launch sifport 
team at the Kennedy Space Center for 
Shuttle flights 61-A, 61-B, 61-C and 51-L 
and participated in the preparations for the 
proposed launch at Vandenberg Air Force 
Base in 1986. Following the Challenger 
accident, he worked at the NASA Headquar- 


THE STS-38 CREW 

LsR to right Sam Gemar, Carl M ea d e , Frank 
Culbertson, Dick Covey and Bob Springer 
during emergency egress training at the 
Kennedy Space Center. NASA 


tore Action Center in Washington, DC, as¬ 
sisting with the investigations conducted by 
NASA, the Presidential Commission and 
the Congress. He was then assigned as 
lead astronaut at the Shuttle Avionics Inte¬ 
gration Laboratory (SAIL) and was involved 
in the checkout and verification of the com¬ 
puter software and hardware interfaces for 
STS-26 and subsequent flights. He was 
also assigned as a member of the Emer¬ 
gency Egress Team which conducts peri¬ 
odic tests of improvements to the Shuttle 
ground egress systems, as well as the pro¬ 
cedures for use on the launch pad and after 
landing. He also served as a member of the 
Astronaut Office Safety Branch, monitoring 
hazard analyses and Orbiter safety. 

MISSION SPECIALIST 

Charles D. (Sam) Qemar (Captain USA) 

Gemar, bom on August 4, 1955 in Yank¬ 
ton, South Dakota, considers Scotland, 
South Dakota to be his home town. He 
served 12 years in the US Army and re¬ 
ceived a bachelor of science degree in en¬ 
gineering from the US Military Academy in 
1979. 

Gemar was selected as an astronaut 
canddaie by NASA in June 1985. In July 
1986 he completed a one year training and 
evaluation programme, qualifying him for 
assignment as a mission specialist. STS-38 
will be h» fast space flight. 


MISSION SPECIALIST 

Carl J. Meade (Major, USAF) 

Meade was bom on November 18, 1950, 
at Chanute Air Force Base Illinois. 

He was selected as an astronaut in June 
1985 and completed his initial training in 
July 1985. He has held a variety of techni¬ 
cal assignments inducing verification test¬ 
ing of flight software in the SAIL, crew es¬ 
cape flight tests, ground egress tests and 
launch support duties, both at the Kennedy 
Space Center and at Johnson Space Cen¬ 
ter. Meade is currently the Astronaut Rep¬ 
resentative to the Solid Rocket Booster 
Project at the marshall Space Flight Center. 
STS-38 will be his first space flight 

MISSION SPECIALIST 

Robert C. Springer (Colonel, USMC) 

Bom on May 21, 1942, in St Louis, Mis¬ 
souri, Springer considers Ashland, Ohio to 
be his home town. 

Springer was selected as an astronaut 
canddate by NASA in May 1980. His NASA 
assignments have included support crew 
for STS-2, concept development studies for 
the Space Operations Center and coordi¬ 
nating the various aspects of final develop¬ 
ment of the Remote Manipulator System for 
operational use. He worked in the Mission 
Control Center as Capcom for seven flights 
in 1984 and 1985. 

Springer was responsible for Astronaut 
Office coordination of Design Require¬ 
ments Reviews (DRR) and Design Certifi¬ 
cation Reviews (DCR). These review ef¬ 
forts encompassed the total rscartifkzltan 
and reverrficalion of the Space Shuttle fol¬ 
lowing the Challenger accident 

Springer served as Mission Specialist on 
the five-day STS-29 mission in March 1989. 
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SPACE AT JPL 


By Dr W.l. McLaughlin 


Ulysses Launched 


The joint ESA/NASA Ulysses mis¬ 
sion to the Sun began with liftoff of 
the shuttle Discovery from the 
Kennedy Space Center at 11:47:15 
UTC (7:47:15 a.m. Eastern Day¬ 
light Time) on October 6. Ulysses 
and its upper-stage stack of en¬ 
gines were released from the pay- 
load bay about six hours later 
when the shuttle was over the 
Pacific Ocean between Guam and 
Hawaii at the beginning of the fifth 
orbit around Earth. The first-stage 
bum began at 18:53 UTC and the 
second-stage bum began at 18:57 
UTC as the Inertial Upper Stage 
(IUS) pushed Ulysses into inter¬ 
planetary space. Spacecraft sys¬ 
tems were operating normally af¬ 
ter launch. On October 15, Ulys¬ 
ses began a trajectory-correction 
maneuver, spanning several 
days, and, subsequently, entered 
a 6 1/2-week period of turning on 
the nine instruments in the pay- 
load. 

The launch of a major scientific 
mission is always a cause for rejoicing, 
but the successful launch of Ulysses 
is particularly sweet. The project has 
had to walk a long and crooked path 
from conception to launch. The mis¬ 
sion arose from joint ESA/NASA stud- 


By Dr W.I. McLaughlin 

Jet Propulsion Laboratory 

les in the 1970s and was originally 
called the Out of Ecliptic (OOE) mis¬ 
sion. It featured two spacecraft, one 
built by ESA and one built by NASA. In 
1979, the name was changed to the 
International Solar Polar Mission 
(ISPM) with a launch date of 1983. 
Subsequent problems with the Shuttle 
development and, then, the Chal¬ 
lenger explosion in 1986 caused the 
launch to move through a series of 
dates from 1983 until the present. 
(Galileo, with a project start in 1977, 
had an originally established launch 
date of 1982 and similarly experienced 
a succession of dates and configura¬ 
tions until its actual liftoff in October 
1989.) The NASA spacecraft was 
cancelled in 1981, deleting several 
scientific experiments and forfeiting 
the opportunity to make simultaneous 
measurements of solar phenomena. 

Although the primary mission of 
Ulysses Is to explore the environment 
at high solar latitudes, it will first speed 
away from the Sun toward a rendez¬ 
vous with Jupiter. That planet, by vr- 
tue of its great mass, has played the 
role of an interplanetary junction for 


trajectory switching; it hurled Pioneer 
11 and Voyagers 1 and 2 toward Sat¬ 
urn and will be used, later In this dec¬ 
ade, to speed Cassini on its way to 
Saturn. (In the domain of natural ob¬ 
jects, Jupiter has collected a large 
family of short-period comets.) in 
February 1992, Ulysses’s trajectory 
will be bent south of the ecliptic by 
Jupiter to an inclination of 80 degrees, 
initiating the flight toward the south 
pole of the Sun. 

The 367kg spacecraft will achieve a 
solar latitude of 70 degrees south In 
June 1994 which, by definition, signals 
the start of its south polar transit. In 
August 1994, the spacecraft will 
achieve a maximum southern solar 
latitude of just over 80 degrees. About 
four months will be spent in this phase 
at a range of somewhat over 2.2 A.U. 
from the Sun (an A.U., “astronomical 
unit”, is the mean distance from Earth 
to Sun, about 159 niillion kilometers). 
Moving northward, Ulysses will cross 
the solar equator in February 1995 and 
subsequently enter a three-month 
northern polar transit in June 1995. 

Some appreciation for the investi¬ 
gations of Ulysses can be obtained by 
reviewing the 55kg of scientific pay- 
load, comprised of nine instrument 
packages. 

The solar wind is a mix of electrically 


Ulysses' trajectory through the Solar System. The probe will use Jupiter's gravity to place it in a solar polar orbit 
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charged particles, a plasma com¬ 
posed of electrons, protons, and heav¬ 
ier nuclei flowing outward from the 
Sun to distant regions of the solar 
system. In the ecliptic, a typical veloc¬ 
ity of the solar wind Is about 400km/s 
in the vicinity of Earth. Although Ulys¬ 
ses is distinguished by its excursions 
into extreme solar latitudes, measure¬ 
ments of the solar wind; and other 
phenomena, taken during the entire 
mission will be important in obtaining 
a full, three-dimensional picture of the 
Sun's environment. Thus, tf^p’ Ulysses 
mission is not properly separable into 
“cruise” and “encounter” phases. 

Eventually, the influence of the so¬ 
lar wind ceases, perhaps at 50 or 100 
A.U., and the domain (in this sense) of 
interstellar space begins. The two 
Voyager and two Pioneer spacecraft 
are currently exploring the distant 
regions of the solar system, and thus, 
the “heliopause”, marking the end of 
the solar wind’s dominion, may be 
experimentally characterized in this 
decade or early in the next century. 

The Solar Wind Plasma Experiment 
(SWPE) and Solar Wind ion Composi¬ 
tion Spectrometer (SWiCS) measure 
basic properties. The second instru¬ 
ment will detect heavy ions which ex¬ 
ist in the corona and may permit Infer¬ 
ence of the temperature of the corona 
in the region of their origin. The Helio¬ 
spheric instrument for Spectra, Com¬ 
position, and Anisotropy at Low Ener¬ 
gies (Hi-SCALE) measures higher 
energy particles than those in the so¬ 
lar wind, principally solar-flare par¬ 
ticles and ions and electrons acceler¬ 
ated inside the heliosphere. 

The Energetic : Partlcle Composi¬ 
tion and Neutral Gas Experiment 
(EPAC/GAS) will detecf medium-en¬ 
ergy charged particles in the class 
encompassing both solar particles 
and cosmic particles arising else¬ 
where in the Galaxy and will also, with 
a separate instrument, detect atoms 
Of neutral helium entering from out¬ 
side the sdlar System. Particles of very 
high energy, originating as cosmic 
“rays" or from the Sun, will be studied 
by means of the Cosmic Ray and Solar 
Charged Particle investigation 
(COSPiN). This experiment may allow 
insight, at extreme solar latitudes, into 
properties of cosmic rays before they 
have extensively interacted with the 
interplanetary magnetic field. 

The Unified Radio and Plasma 
Wave Experiment (URAP) will be used 
to investigate emissions of high-fre¬ 
quency radio waves from the Sun and 
lower-frequency plasma waves in the 
solar wind in the region of the space¬ 
craft. The Solar X-ray/Cosmic 
Gamma-ray Bursts Experiment 
(GRB) will help to identify the mecha¬ 
nism responsible for X-rays emitted 
from the neighborhood of active solar 
regions and will detect cosmic 


The Ulysses spacecraft, launched on October 6 on Its mission of solar exploration, is shown as it 
undergoes final preparations prior to its shipment from Europe to the United States. Prominent in this 
view are the 1.65m high-gain antenna and the canister (foreground) containing the source of the 
spacecraft's electrical power a radrasotope thermoelectric generator (RTG). ESA 


gamma-ray bursts, whose origin is 
unknown. Observations from Ulysses 
and on Earth may serve to identify 
bursts with the astrophysical objects 
from which they originate. 

Magnetic fields are of exceptional 
importance in space physics, and they 
are not to be neglected by Ulysses. 
The Magnetic Field Flux-Gate/Vector 
Helium Magnetometers (FGM/VHM) 
investigation will examine the mag¬ 
netic field of the Sun which has been 
cast into interplanetary space by the 
solar wind. The rotation of the Sun 
results in a tangled set of magnetic- 
field lines in the ecliptic, but this set 
may be simpler (more radially struc¬ 
tured) at high solar latitudes. 

Dust is ubiquitous in astrophysical 


settings, and the Cosmic Dust Experi¬ 
ment (DUST) will sort out samples 
encountered by Ulysses, helping to 
assign observed particles to their 
source of origin. Comets, asteroids, 
and interstellar reservoirs are the prin¬ 
cipal sources. 

Spacecraft radios are developed to 
serve the engineering functions of 
telecommunications and navigation 
but are also frequently employed to 
serve direct scientific purposes. On 
Ulysses, the coronal sounding experi¬ 
ment will analyze signals transmitted 
by the spacecraft at two frequencies 
and received at Earth in order to meas¬ 
ure the density and velocity of elec¬ 
trons In portions of the corona. A 
second use of the radio will be to 
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MAGELLAN 


By Dr W.l. McLaughlin 


search for the elusive gravitational 
waves which have been predicted by 
Einstein’s theory of general relativity 
and are expected to be produced by 
violent cosmic events. 

The eleven experiment teams asso¬ 
ciated with the above investigations 
are joined by two additional, Interdis¬ 
ciplinary teams: one to investigate 
discontinuities between adjacent re¬ 


gions of the solar wind, and a second 
to study mass and angular-momen¬ 
tum losses by the Sun and to deter¬ 
mine solar-wind composition versus 
solar latitude. 

This litany of investigations reveals 
the scope and sophistication of Ulys¬ 
ses as an agent of science. Although 
fields and particles investigations can 


yield dramatic discoveries, e.g., the 
unusual magnetic dipole of Uranus 
revealed by Voyager 2 in 1986, sur¬ 
prises are more often associated with 
imaging investigations. Ulysses may 
change this scenario as it reveals the 
architectural features of the dynamic 
structure of fields and particles which 
enwrap the planetary realm like a 
cocoon. 


Venus Survey Continues 


The Magellan spacecraft resumed 
mapping of the planet Venus on Sat¬ 
urday, September 15. As reported 
in the October edition of this col¬ 
umn, contact with the spacecraft 
had been lost on two occasions 
since Its Insertion Into orbit about 
Venus on August 10. The first loss 
of signal, on August 16, lasted for 
14 hours and the second Incident, 
on August 21, extended for 17 nerv¬ 
ous hours. A third interruption has 
occurred, but this was part of the 
mission plan. In early November, 
Venus came Into such close proxim¬ 
ity to the Sun, “solar conjunction”, 
that radio communications were 
not reliable. The “blackout” phase 
extended for about two weeks. Up 
to the time of solar conjunction, 
Magellan had returned high-resolu¬ 
tion (about 120m) radar images of 
approximately one sixth of the sur¬ 
face of cloud-covered Venus. 

Magellan’s path about Venus is 
highly elliptical, and scientific data - 
high-resolution radar images of the 
surface - are acquired during the por¬ 
tion of the orbit closest to Venus and 
radioed back to Earth when the space¬ 
craft is traversing the more distant 
portions of its orbit. About eight orbits 
per (Earth) day are completed. 

Data are pumped back to Earth at 
the high rate, with respect to an inter¬ 
planetary mission, of 268.8 kilobits 
per second for two hours in each orbit. 
For historical comparison, Mariner 2, 
which was the first successful inter¬ 
planetary mission and was launched in 
1962, achieved a rate of 33 1/3 bits per 
second during its flyby of Venus. A 
more contemporary comparison is 
with Galileo's planned upper rate of 
134 kilobits per second from Jupiter, 
starting in late 1995. The radar data 
from Magellan are computer proc¬ 
essed upon reception, yielding a Full- 
Resolution Basic image Data Record 
(F-BIDR). Since the F-BIDR portrays 
a strip of Venusian surface 16,000km 
in length and just over 20km in width, it 
is more popularly known amongst 
project personnel as a “noodle”. See 
the November issue of Spaceflight, 
pp. 342-5, for a selection of images. 

A special stored sequence of com- 




MAGELLAN IMAGE COVERAGE 


FROM 9-15-90 TO 10-28-90 

DAYS OF MAPPING. 

41 

ORBITS COMPLETED 

301 

DATA CAPTURED 

297 8(98 8%) 

AREA 


COVERED 


ON VENUS 


60 DEG LONGITUDE 


16 6% OF CIRCUMFERENCE 


MAPPED AREA PROJECTED ON THE EARTH 




The initial stage of coverage of Venus by the synthetic aperture radar on the Magellan spacecraft is 
represented in these figures and statistics. Mapping was temporarily interrupted in late October 
when Venus appeared to pass dose to the Sun. NASA/JPL 


mands was placed in the spacecraft’s 
computer to put it, safely, on holiday 
during the period of solar conjunction. 
This sequence began execution on 
October 26. The planetary mapping 
sequences were never designed to 
operate during solar conjunction for 
two primary reasons: (1) there Is not 
enough room on the spacecraft’s tape 
recorder to store the data which would 
have resulted from mapping opera¬ 
tions, and (2) it would not be prudent 
to allow mapping operations to con¬ 
tinue unmonitored from Earth. Re¬ 
sumption of mapping operations is 
scheduled for November 7. 

The influence of geometry on Mag¬ 
ellan’s mapping operations does not 
cease with the ending of solar conjunc¬ 
tion. From mid-December until the 
end of January 1991, the relative align¬ 
ment of the spacecraft’s orbit resists 
in a portion of the path being occulted 
by Venus as seen from Earth. This 
“apoapsis occultation” prevents full 
return of mapping data to Earth, and 
the mapping operations are commen- 
surately restricted during this period. 

The plan is to fill holes in the radar 
survey, caused by anomalies or ge¬ 
ometry, after the prime mission ends 
in April 1991. The extended mission 


will also be a time to pursue special 
scientific investigations down ave¬ 
nues that have been opened during the 
prime mission. 

Despite extensive efforts by the 
project, the reasons for the two toss- 
of-signal anomalies In August have 
not been found. Mapping operations 
were resumed on September 15 be¬ 
cause it was concluded that “Magellan 
is a resilient machine and remains 
healthy in spite of glitches that caused 
it to break its communication with 
Earth". A significant factor in this re¬ 
silience is the set of “fault-protection" 
programs resident in the spacecraft. 
(Fault-protection routines are devel¬ 
oped and loaded into the computers of 
all interplanetary spacecraft to enable 
them to cope with a broad spectrum of 
anomalies until help from Earth ar¬ 
rives.) 

Although causes for the past 
anomalies have not been found, the 
experience gained from these events 
has been utilized to strengthen Mag¬ 
ellan’s response should an anomaly 
situation arise again. Specifically, 
four changes have been instituted: (1) 
a suspect backup memory in an on¬ 
board computer (Memory B in the Atti¬ 
tude and Articulation Control System) 
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has been appropriately dealt with in 
the logic of revised fault-protection 
routines, (2) the fault-protection rou¬ 
tines have been tailored to restore 
contact with Earth more quickly should 
signal-loss recur, (3) the response to 
a loss of the “heartbeat” of the AACS 
computer by the main computer 


(Command and Data System: “CDS") 
of the spacecraft has been revised to 
prevent, in certain situations, what 
would have been an unnecessary 
interruption of mapping operations, 
and (4) ground procedures and com¬ 
puter files have been modified to pro¬ 
mote a more rapid recovery from a 


future anomaly, should it occur. 

In space and on the ground the 
engineering machinery of Magellan is, 
as they say in American football, 
“grinding out the yardage". We look 
forward to the rewards of this labor: a 
new picture of a world and the scien¬ 
tific insights to accompany this image. 


Astronomy from Oxford 


My first introduction to Oxford was 
through the medium of astronomy. 
In 1976, our U.S. Infrared Astro¬ 
nomical Satellite (IRAS) team be¬ 
gan to meet with European col¬ 
leagues on the project at various 
sites, one of which was the Ruther¬ 
ford Laboratory (now Rutherford 
Appleton Laboratory or “RAL”), 
which Is 15 miles south of Oxford. 
It was natural to stay In Oxford for 
meetings at RAL, and conse¬ 
quently, over the seven years of the 
project I began to acquire some of 
the lore of that centre of learning. 
Although the University Is cele¬ 
brated for classics, literature and 
history, Its broad Intellectual scope 
Includes significant components 
of astronomy and other sciences, 
e.g., one passes a structure on New 
College Lane with a plaque noting 
that Edmund Halley (1656-1742) 
lived there. 

One of the most famous of English 
astronomers was James Bradley 
(1692-1762), who received his B.A. in 
1714 and M.A. -in 1717, both from Bal- 
liol College, Oxford. He was appointed 
Savilian Professor in 1721 and be¬ 
came the third Astronomer Royal in 
1742. Bradley’s principal fame comes 
from his discovery of the aberration of 
light, a phenomenon which must be 
taken into account when calculating 
the exact position of a star with respect 
to coordinates on the celestial sphere. 

The aberration of starlight, as seen 
from Earth, is due to the effect of the 
instantaneous motion of the observer 
with respect to the observed ray of 
starlight. A metaphor that is utilized to 
explain aberration is to appeal to the 
slanted streaks of rain on the window 
of a moving train, even though the rain 
may be falling vertically with respect 
to the ground. If photons are raindrops 
falling down the tube of a telescope 
and that tube is on a moving Earth, 
their “slant” will displace the apparent 
position of the star which is producing 
the photons (draw a diagram!). 

Bradley, a meticulous observer with 
a large amount of data in hand, 
guessed the cause of the phenome¬ 
non of stellar aberration while on a 
boating party on the Thames. “Ev- 
erytime the boat put about, the vane 
at the top of the boat’s mast shifted a 



James Bradley discovered the aberration ot 
light, and this 18th century astronomer was a 
prominent figure in the history of science at 
Oxford. RGO 

little, as there had been a slight change 
in the direction of the wind" (from Mis¬ 
cellaneous Works and Correspon¬ 
dence of Rev. James Bradley, by S. P. 
Rigaud, Oxford U. Press, 1832). The 
sailors told him that the apparent 
change was owing to the change in the 
direction of the boat and, by analogy, 
that aberration was due to the com¬ 
bined motion of light (“the wind”) and 
Earth (“the moving boar). 

Although Bradley’s Thames-boat- 
ing experience was a happy event that 
might be said to tell into the “Newton’s 
apple" class of discoveries, it also 
symbolizes the plight of Oxford as¬ 
tronomers who had long lacked ade¬ 
quate facilities to conduct their re¬ 
searches. A tradition has it that the 
renowned Roger Bacon had his obser¬ 
vatory on Folly Bridge (which may also 
have been the site of the original 
“Oxen-ford”), and Halley employed 
the loft of his residence on New Col¬ 
lege Lane to similar ends. Bradley 
himself did much of his observing at 
Greenwich and at his aunt’s house in 
Wansted town. 

Bradley’s successor as Savilian 
professor was Thomas Hornsby 
(1733-1810), who established the first 
proper observatory in Oxford. Scien¬ 
tific projects in the eighteenth century 
may often seem primitive from our 


privileged vantage, but the dual needs 
of a good idea and funding to carry it 
out bridge the centuries. Hornsby’s 
idea was the simple one of filling a 
need, and he turned to the trustees of 
the estate of Dr. John Radcliffe (1650- 
1714) for the necessary resources. 

Radcliffe’s bequest had been ap¬ 
plied to a variety of projects including 
the Radcliffe Infirmary, which was 
opened h 1770. With a fine sense of 
the appropriate time to enter the fund¬ 
ing queue, Hornsby submitted in 1768 
a request that the Radcliffe Trustees 
support the establishment of an obser¬ 
vatory in Oxford. The petition was well 
received but would have to wait until 
the expenses of the Radcliffe Infir¬ 
mary “are finally adjusted and settled", 
and, in fact, work began in 1772. 

Even with a project-start date of 
1772, Hornsby had to concern himself 
with the development of a “payload" 
for the Observatory once it was com¬ 
pleted (more recent endeavours treat 
the payload —the telescope and sup¬ 
porting equipment — as the center- 
piece and the observatory housing per 
se as ancillary). Today, the complex 
scientific instruments comprising the 
payload of a space mission must be 
planned as early as possible with re¬ 
spect to the project schedule; often 
prototypes must be built to test con¬ 
cepts, and the more mundane task of 
procuring space-qualified parts, such 
as microprocessors, may have a re¬ 
quired lead time of a few years. 

Hornsby’s problem in 1771 was a 
more basic concern about personnel. 
Let us listen to the description of the 
situation in his own words. “In the 
meantime there is the greatest reason 
to be solicitous about the instruments. 
There is unquestionably at present but 
one person living, who is capable of 
making them with that precision and 
accuracy, on which the goodness of 
the observations essentially de¬ 
pends. He is between 50 and 60 years 
of age, and has been so much afflicted 
with the gravel for the seven months 
last past, that he cannot now bear the 
motion of a carriage, and for one half 
of the time has been confined to his 
house. It is much to be wished there¬ 
fore, that Mr. Bird might receive orders 
to set about the instruments without 
further loss of time, and while there is 
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yet a probability of his living to execute 
them.” 

Hornsby listed the required instru¬ 
ments as a transit instrument, two mural 
quadrants, a zenith sector, and an equa¬ 
torial sector. He suggested the price 
would be about £1300 (which compares 
to the total of just over £30,000 for the 
entire Observatory) with £200 advanced 
to John Bird immediately and the remain¬ 
der paid in instalments every six months. 

Two facts stand tall with respect to the 
Radcliffe Observatory: (1) it took over 20 
years (1772 to 1794) to complete, and (2) 
it is an architectural masterpiece (on p. 
674 of the May 10, 1930 issue of Country 
Lite, it is described as “one of the most re¬ 
markable buildings in England”). 

The original architect was Henry 
Keene, but his death in 1776 necessitated 
a second architect, James Wyatt. A fur¬ 
ther cause for the extended time required 
to complete the structure was the annual 
fiscal “cap” of £1000 placed upon expen¬ 
ditures. The possibility of architectural 
distinction existed because the Observa¬ 
tory was designed in the old-style of a 
tower rather than the dome-like structure 
which we associate with astronomical 
observatories: it was built as an excep¬ 
tionally fine loft. Hornsby, in his design, 
prescribed the construction of a central 
tower, but the architects converted the 
utilitarian structure to an object of beauty 
by skilfully modeling it after the ancient 
Tower of the Winds in Athens. John Ba¬ 
con added the sculptured Winds which 
decorate the exterior of the building. The 
only buildings which have created a simi¬ 


lar set of effects on my mind are some of 
the older planetaria, such as the Adler in 
Chicago or the Griffith in Los Angeles 
(without intending a comparison of archi¬ 
tectural merit). Perhaps the connection 
is merely a recognition that an attempt 
has been made to provide more than raw 
function. 

It all worked out well. Hornsby cut it 
fairly close with respect to John Bird, who 
completed the instruments in 1773. 
Bird’s portrait now hangs in the Museum 
of the History of Science on Broad Street 
in Oxford, with the dates 1709-1776. 
Hornsby himself conducted several dec¬ 
ades of observations, including the newly 
discovered Uranus while it wab still 
thought to be a comet, which have been 
described in the Monthly Notices ot the 
Royal Astronomical Society (Vol. 60, 
1900, pp. 265-293) and in The Observa¬ 
tions of the Reverend Thomas Hornsby 
by H. Knox-Shaw, J. Jackson, and W. H. 
Robinson (Oxford, 1932). In the 1920s 
the Radcliffe Trustees sold the Observa¬ 
tory. It is now in the service of other dis¬ 
ciplines since it forms the architectural 
centerpiece of Green College, founded in 
1979. Clinical medical students and 
applied social studies students make up 
three-quarters of the student body of 
Green College. 

With the resources that are available 
in Oxford, the tracing of lines to the past 
is in itself rewarding. The University’s 
Bodleian Library, *pne of the foremost in 
the world, is an organization to which I 
have belonged for several years, as one 
of “Bodley’s American Friends”. The 


associated privilege of having a reader’s 
ticket opened up some of the views of the 
past reported in this essay. How exciting 
it is to order and have delivered a few 
hours later a box of materials (Gougt) 
Oxford 90, item 9) which contain the 
eighteenth-century hopes and plans of 
Thomas Hornsby. In the Bodleian, the 
organized, intelligent past is alive. 

The experience can also be visceral as 
one carries a folder of notes and half- 
written text of this. No. 71 of “Space at 
JPL", out of the chilled Oxford night and 
into the glow of the reading rooms in the 
Radcliffe Camera, a facility of the 
Bodleian. There, in an act of sympathetic 
magic, I sat beside the unabridged set of 
Arnold. Toynbee’s A Study of History; in 
an attempt to extend the spell, I bought my 
own edition at Foyles in London (“The 
World’s Greatest Bookshop"). 

The site of the Radcliffe Observatory 
must be visited. Phil Whittaker, the Head 
Porter of Green College, was kind to the 
visiting American and let me look at the 
Common Room now situated in the 
ground floor of the Observatory. He also 
furnished a copy of the Country Life ar¬ 
ticle, which is well worth reading. (The 
canonical treatise is Robert T. Gunther’s 
Early Science in Oxford, 14 volumes and 
supplement, Oxford 1920-1945.) 

Thomas Hornsby is not in the front rank 
of astronomical history, but he has man¬ 
aged to leave us some art and some sci¬ 
ence. And what is Oxford but a success¬ 
ful conspiracy between the living and the 
dead to bring forth the best in our civiliza¬ 
tion? 


T XJ T C Journal of the 
^ British Interplanetary Society 

The November 1990 issue of the Journal of the British In¬ 
terplanetary Society Is now available and contains the fol¬ 
lowing papers: 

INTERSTELLAR STUDIES 

Isotropically Detectable Interstellar Beacons 

Multiple Propulsion Concept for Interstellar Flight: 
General Theory and Basic Results 

A Search for Linear Alignments of 
Gamma Ray Burst Sources 

The Search for Companions to Epsilon Eridani 

A Manifesto for Expansion 

A Language Based on the Fundamental Facts of Science 
Relativistic Interstellar Flight and Genetics 


Copies of JBIS, priced at £12.00 (US$24.00) to non-members, 
£4.00 (US$8.00) to members, post included, can be obtained 
bom the address below. Back issues are also available. 

The British Interplanetary Society 
27/29 South Lambeth Road 
London SW8 1SZ, England. 



SOVIET BOOKS 

Commercial Uses of Space Exploration 

A 44-page book pro¬ 
duced by the Soviet 
space agency, 

Glavkosmos, covering 
the commercial as¬ 
pects of the country’s 
space programme. 

Illustrated with over 30 
colour photographs 
and diagrams. 


A Step Towards A Dream 


Celebrates the 15th 
anniversary of the 
Apollo-Soyuz Test 
Project and looks 
forward to further 
international 
cooperation in space. 

Authors include 
cosmonauts Shatalov, 
Leonov and Kubasov. 


The books are available from 
The British' Interplanetary Society, 

27/29 South Lambeth Road, London SW8 1SZ, England, 
priced £2.50 + 50p P&P (US$5 + $1 P&P) for the pair. 
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SOYUZ TM-11 PREVIEW 


Japanese Mir Flight Set for December 2 



TBS 


Japan’s first astronaut will blast 
off with two Soviet cosmonauts 
aboard Soyuz TM-11 on December 
2. Two days later the spacecraft 
will dock with the Mir space sta¬ 
tion. The Soviet-Japanese mis¬ 
sion is scheduled to last just over 
a week. 

The Tokyo-based TBS television 
and radio network reportedly paid 
Glavkosmos $12 million to fly one of its 
reporters to the Mir space station. Mr 
Toyohiro Akiyama and Miss Ryoko 
Kikuchi were named as the two candi¬ 
dates for the flight late last year. They 
were selected from 163 applicants. 

On November 2, it was announced 
that Toyohiro Akiyama would join 
Vktor Afanasyev and Musa Manarov 
for the eight-day mission. Their back¬ 
ups will be Anatoli Artsebarsky, Sergei 
Krkalev and Ryoko Kikuchi. 

Manarov will be making his second 
flight to Mir. He and Vladimir Titov flew 
the record breaking year-long mission 
in 1987/88. Afanasyev will be making 
his first space flight. 

At the end of the joint flight 
Manakov, Strekalov and the Japa¬ 
nese cosmonaut will return to Earth in 
Soyuz TM-10. Afanasyev and Mana¬ 
rov will man. the station until they are 
replaced in May next year. 

Toyohiro, aged 48, was the Chief 
Editor of the TBS Foreign News Divi¬ 
sion when he applied to be the ‘cosmo- 
reporter*. Previously he was the TBS 
Washington Bureau Chief. According 
to his TBS biography, before he was 
selected to take part in the project he 
enjoyed both smoking and drinking. In 
fact he used to smoke four packets of 
cigarettes per day! He has now given 
up both, of his own free will, says TBS. 
Toyohiro is married with two children. 

Ryoko, 26, is a TBS News camera- 
woman. Her hobbies are mountain 
climbing, cycling, skiing, basketball 
and swimming. She has had somb 
experience of overseas news cover¬ 
age at the Seoul Olympics and in 
China. She originally joined TBS with 
the ambition of becoming the station’s 
Beijing correspondent. 

There will be live television and ra¬ 
dio broadcasts each day. During the 
mission the coverage will even include 
a live report during the launch of Soyuz 
TM-11. 

“Our Japanese colleague is ex¬ 
pected to broadcast a ten minute tele¬ 
vision report from the orbital complex 
Mir every day,” said Viktor Afanasyev. 
“There will also be a 20 minute radio 
broadcast daily." 

The reporter will conduct two experi¬ 
ments during the mission. Six frogs will 
be carried into orbit inside a special 


Ryoko Kikuchi (left) and Toyohiro Akiyama. 

container to observe their behaviour in 
microgravity. TBS says it plans a live 
broadcast to show how the frog swims 
under -weightless conditions. Another 
programme will cover the selection of 
the six Japanese treefrogs from an 
initial sample of 1,500 frogs. , 

The second experiment will involve 
transmitting amateur radio and TV 
from Mir. The experiment will be con¬ 
ducted with the cooperation of ama¬ 
teur Ham groups in Japan. 

The reporter’s TV equipment has 
already been set up aboard the space 
station after it was delivered by the 
Progress M-5 cargo ship. All the other 


On the night of October 29(30 cosmo¬ 
nauts Gennadi Strekalov and Gennadi 
Manakov made an EVA lading for 3 hours 
and 45 minutes to examine and repair the 
hinge of the Kvant 2 EVA hatch which had 
been buckled during a previous EVA on 
July 17. 

In the event, the cosmonauts were 
unable to effect a repair of the hinge and 
Soviet sources said that the repair would 
need to be completed by the next crew to 
man the complex - Viktor Afanasyev and 
Musa Manarov. 

Initial reports from Soviet sources did 
not reveal why the cosmonauts were 
unable to repair the hinge. 

The EVA had been delayed from Octo¬ 
ber 19 because Strekalov had caught a 
cold after an exercise session on the 
“running track” on the Mir complex which 


equipment for the mission is in place, 
with the exception of the ‘living frog’ 
experiment, TBS reports. 

According to TBS the mission’s 
major events will occur as follows: 

- Launch of Soyuz TM-11:.December 
2, 1990 at 08:13 GMT (± 2 minutes). 

- Docking with Mir: December 4 at 
09:59 GMT (+ 5 minutes) with transfer 
to the interior of the complex some 90 
minutes later. 

- Transfer to Soyuz Tm-10 for de¬ 
scent: December 10 at 01:00 GMT. 

- Undocking: 03:00 GMT. 

- Landing: 06:04 GMT (± 5 minutes). 

Additional Material by Rex Hall 


the cosmonauts use daily. A slight over- 
cooling by a fan was blamed for giving 
Strekalov his cold. 

The cosmonauts have been spending 
much time conducting processing opera¬ 
tions on their Krator-V, Gallar and Zona 
02 installations. Some of the experiments 
to grow semiconductors such as gallium 
arsenide and monocrystals of zinc oxide 
last for up to 260 hours at a time. 

In addition the men have unloaded the 
Progress M-5 cargo craft which contains 
a test version of the sample return cap¬ 
sule which will bring up to 150 kg of 
samples back-from the station by para¬ 
chute after the Progress M craft has been 
de-orbited to bum up in the atmosphere. 
The torch-shaped return capsule is some 
1.4 metres in height and is. 

Neville Kldger 


MIR Update 
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At a famous sea-side resort of Sus¬ 
sex, a few kilometres from here, the 
International Astronautlcal Fed¬ 
eration held Its Congress - at the In¬ 
vitation of the BIS.. It was, as many 
of you may remember, a very turbu¬ 
lent event We were visited not only 
by the unpredlcted hurricane, but 
also by the cold winds of Indiffer¬ 
ence from Whitehall. 

Much has happened since then, and 
now is an appropriate occasion to take 
stock. To do this we must look not only 
at how things have developed in the 
United Kingdom, but also in Europe as 
a whole, in the USA, the Soviet Union 
and elsewhere in the space world. 

Let me say at the outset that my 
object is not to demonstrate that the 
UK still lags behind in space spending, 
but rather to try to assess the overall 
space situation and what the next 
couple of years are likely to bring. 

In the UK there has been a little 
movement. Remote sensing has been 
declared the favourite child, but some 
money has also been found for the UK 
to participate modestly in the ESA tele¬ 
communications programme, and 
there have been one or two other small 
victories. In total, however, the gov¬ 
ernment spending on space has not 
increased to keep up with the rate of 
inflation. The effective spend has 
declined. 

The worst feature (as I see it from 
the outside).is that there seems to be 
no coherent long-term plan; requests 
to join this programme have to be 
taken individually for Ministerial ap¬ 
proval. This and the fact that the UK’s 
influence over the direction of Euro¬ 
pean space has significantly declined, 
make it very unlikely that we in the UK 
are going to play much of a role in these 
next very important years. Given the 
competence we have in this area, I 
can't help thinking that this is a pity. But 
we aren’t going to change it by moan¬ 
ing - nor, apparently, by appealing for 
Ministerial understanding. Let us take 
it as an unfortunate fact of space life - 
and move on to look at the position 
elsewhere in Europe. 

The ESA programme has devel¬ 
oped much as many of us predicted: 
the large infrastructure programmes 
(Columbus, Hermes and Ariane 5) are 
demanding more than 60% of the 
annual budget; costs to completion 
(and still more the costs of operation) 
are still only dimly perceived and the 
users of the infrastructure have not yet 
been adequately identified. 

The ESA Council, probably at Min¬ 
isterial level, will be called upon in the 
first half of 1991 to give the final go- 
ahead for the Columbus and Hermes 
programmes. The official line Is that 
this approval must be considered a 
formality, given the enthusiasm of 
Ministers at The Hague council meet¬ 
ing at the end of 1987. I don’t think it 


SPACE ’90 


STEPS TO 


The changes can be considered in 
two categories: those directly coming 
from the programmes themselves, 
and those which are completely exter¬ 
nal. 

So far as the two programmes them¬ 
selves are concerned, in spite of sig¬ 
nificant efforts to tighten the industrial 
and management structure, it is diffi¬ 
cult to believe that we really have a 
handle on the costs to completion. 
Squeezing the industry and paring the 
specs may bring the theoretical costs 
within the allocated budgets, but: 

(1) all our past experience shows 
that in such a complicated pro¬ 
gramme, and particularly one with 
important external interfaces - screw¬ 
ing dow i the cost-to-completion esti¬ 
mates to allow them to pass under the 
barrier, inevitably leads to the costs 
bouncing up again once the approval 
has been given; 

(2) Ministers, in fact, asked ESA to 
make savings beyond the ceilings 
proposed in The Hague. The chances 
of making these savings are very slim; 

(3) we still do not really know what 
the extent of utilisation will be. Is there 
really a user demand for so much 
capacity? 

(4) high operational costs and low 
predictions of users, especially users 
willing and able to pay, are not a win¬ 
ning combination. 

Meanwhile, the external situation 
has been changing. I would point to two 
particularly important factors: 

(1) the economic climate in Europe 
has not improved, to say the least, and 
in the list of priorities, space has 
slipped downwards. The re-unifica- 
tion of Germany and the need to aid the 
countries of Eastern and Central Eu¬ 
rope are widely regarded as eclipsing 
all other demands on the budgets, par¬ 
ticularly in the Federal Republic of 
Germany; 

(2) cleaning up the environment 
with the realisation that this Is likely to 
be a much more costly affair than first 
thought, is at, or near, the top of many 
countries’ priority lists. 

And, to make matters worse, one 
can add the. uncertainties caused by 
the present situation in the Middle 
East. 

We ought, also to look at another 
new European factor which, in my 



Roy Gife6on at SPACE *90 in Hastings. 

will be quite so simple. The Ariane 5 
programme is unlikely to be In danger 
but the same cannot be said for the 
other two, Columbus and Hermes. 

This is not the time to try to embark 
on a detailed analysis of these two 
programmes. Obviously, they are 
occupying some of the best brains in 
ESA, in national space agencies and 
in industry. It is foolish to imply that 
what they propose will not be techni¬ 
cally sound. Whether their proposals, 
however, represent what govern¬ 
ments want and can afford in the 
changed circumstances since 1987, is 
much more difficult to demonstrate. 
Even without taking into account the 
situation in the USA it would be myopic 
not to accept that the situation has 
completely altered in the past 2-3 
years and not only space factors are 
involved. 

‘Steps to Space’ was the theme paper of the 
British Interplanetary Society's SPACE VO 
meeting in Hastings. 

Roy Gibson is a special advisor to the Direc¬ 
tor General of Inmarsat and is currently 
establishing a European Environment 
Agency for the European Commission. He 
is a former Director General of ESA and in 
1985 he became the first Director General 
of the British National Space Centre. 
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view, will have increasing signifi¬ 
cance; ie the growing interest of the 
European Commission in playing a 
role in space affairs. The policy decla¬ 
rations from Brussels have made it 
clear that they are not attempting to 
wrest any authority from the ESA. 
Their aim is to use their political lever¬ 
age to exploit, the programmes 
started by ESA. They are, of course, 
interested to assess just how much the 
ESA present and future projects can 
be of use to the Commission’s own 
programmes - from agriculture and 
fisheries, through to environment and 
even industrial development. 

Serious talks are going on between 
the ESA and the European Commis¬ 
sion and I believe that much of the ini¬ 
tial mutual suspicion has been dissi¬ 
pated. Working Groups are looking at 
specific areas and my guess is that, in 
remote sensing and in the many differ¬ 
ent facets of environment policy, there 
is an exciting synergy to be achieved. 
To put it crudely, the Commission 
might become the missing customer in 
the Earth observation area, following 
on Eutelsat and Eumetsat. 

This theme is relevant to our general 
review for I cannot see that the Euro¬ 
pean Commission would have much 
interest in a European space Agency 
which is committed (even over com¬ 
mitted) primarily to infrastructure pro¬ 
grammes with only weak links to the 
day-to-day problems of the Commis¬ 
sion. 

All this leads me to believe that, 
before the 1991 Ministerial meeting, a 
certain amount of re-thinking is neces¬ 
sary. ESA’s new Director General, 
who takes up his duties on the first of 
October will find more on his desk than 
a bowl of flowers. I hope and trust that 
British industry, the UK’s delegation to 
ESA and all British space watchers, 
will help him in his difficult task. 

Over the Atlantic, NASA-bashing 
seems to go on unabated though there are 
signs that this is now bottoming-out. The 
Augustine Commission, which is to report 
by the end of the year on the shape of the 
future programme, will, no doubt, be look¬ 
ing at many of the same problems with 
which we are faced here, though the 
amounts involved over there are substan¬ 
tially greater. In the US there is an addi¬ 
tional complication: the US President 
made a somewhat vague but very positive 
statement about a Lunar-Mars pro¬ 
gramme. With the Shuttle programme not 
entirely trouble-free and the continued 
sharp debate on the shape, cost and use 


of the Space Station, it is hard to believe 
that this is the moment to be launching 
new and expensive programmes. I know 
that, especially within the BIS, the idea of 
an international, manned, planetary ex¬ 
ploration programme sends the adrena¬ 
lin flowing, but we really do have to be 
careful. In the present fragile situation, 
we are quite likely to cause European Min¬ 
isterial support for space to decline fur- 


“The Ariane 5 programme 
is unlikely to be in danger 
but the same cannot be 
said for the other two, 
Columbus and Hermes 


ther if this moment is chosen for a clarion 
call for a new mammoth space spectacu¬ 
lar. 

It remains to be seen what emerges 
from the current US reviews and I am 
hopeful that Europe’s stake in this proc¬ 
ess will be recognised. This is really the 
moment for the US to show that, whether 
they take heed of it or not, they are willing 
to listen to friends and allies before they 
make basic programmatic decisions, 
rather than afterwards. 

We don’t have so much information 
about the situation in the Soviet Union but 
it does seem that there, too, they are 
having to tighten their belts. Some 
spokesmen have referred to a reduction 
of twenty percent in the space budget; 
others have predicted much less manned 
space flight. It would be very surprising if 
this were not so. Equally predictable is 
the Soviet push.'for making money out of' 
space. Sales of remotely sensed data, 
astronaut flights, flights of experiments 
have all become commonplace, and we 
are all familiar with the' efforts to sell 
Soviet launchings, including the Cape 
York venture in Australia. Chinese ambi¬ 
tions, on a much reduced scale are some¬ 
what similar. Again we cannot ignore 
what is happening in Japan. There the 
space investment continues to rise and, 
in spite of some technical set-backs, they 
appear to have a much better articulation 
between government and private sector 
investment. The existence of an overall 
plan can be felt in virtually everything 
they have going. 

When this is all added together, it 
shows that the nature of space activities 
is on the change. I suggest three impor¬ 
tant trends: 

(1) the use of space techniques to 
help in the fight to preserve the environ¬ 


ment is an area of expansion which 
should not be ignore. There are many 
areas in which space techniques can 
help, not only with SPOT and ERS Earth 
observation satellite, but with atmos¬ 
pheric measurements. The use of sat- 
coms to collect data from remotely situ¬ 
ated monitoring stations is another excit¬ 
ing possibility - and there are many more. 
But the warning I would give is that it would 
be fatal for the space agencies or the 
space industry to try to hi-jack the envi¬ 
ronmentalists. It is essential for the re¬ 
quirements to be defined by those who 
best understand the environmental prob¬ 
lems and that the space community 
should be responsive to them. We must 
get to the situation where the end-user in¬ 
fluences the shape of the space pro¬ 
gramme, rather than being offered a 
space programme which is virtually ak 
ready defined: 

(2) the activities of the user organisa¬ 
tions, such as Inmarsat and Eutelsat, will 
increase and become more important. 
But here again, a warning: they are not 
buddy-buddy space organisations but 
simply want to use satellites, to provide 
better and cheaper telecommunications 
services to their owners and customers. 
The space agencies and the industry 
must understand this and model their 
responses accordingly. Such interna¬ 
tional organisations will never be able to 
afford to pay for much R and D. Inmarsat’s 
R and D budget would not keep ESA in ball 
point pens for a year. In this respect the 
Inmarsat 3 satellite programme, recently 
approved by the Inmarsat Council, pro¬ 
vides excellent example of how ESA R 
and D investment can indirectly help Eu¬ 
ropean companies to produce bids which 
are attractive technically and financially. 
This, in my view, is much more the cor¬ 
rect role for ESA rather than becoming 
involved in operational systems. 

(3) the ground segment will become 
even more important How to handle the 
data and store it, how to produce vast 
software programmes with the neces¬ 
sary degree of reliability, how to develop 
intelligent and cheap terminals: all are 
growth areas way beyond anything we 
can expect in the space segment. 

These, you may think are pretty falter¬ 
ing steps in space: and perhaps more a 
sort of running on the spot. Why not a 
rumbustious, full-blooded attempt to take 
part in a “Put a man on Mars” programme? 
It isn’t that I have lost the taste for such 
programmes, but rather that the non¬ 
space situation has once again changed 
around us. Many times in the past we were 
perhaps not sensitive enough to trim our 
sails in time. This time, the change of 
weather is being signalled all around us. 

I am convinced that all the major space 
players will be forced, either collectively 
or separately, to re-assess their major 
programmes. This is not to say that there 
is less money in the pipeline for space but 
rather that it will need to be re-deployed. 

It is my fervent wish that we in the UK 
are given a chance to participate in this 
re-shaping. 
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Ulysses Launch Gives NA 


For the second time In two years the Space Shuttle Discovery has led NASA’s way back to flight. On Sep¬ 
tember 29, 1988, Discovery made the first launch since the Challenger accident. Two years and seven 
days later, the orblter played a similar role, ending six months of frustration for the Shuttle programme. 
The perfect lift-off on October 6 was the first since the Hubble Space Telescope mission In late April. 
Throughout the summer attempts to launch Columbia and Atlantis have been thwarted by hydrogen 
leaks. NASA’s relief was equally shared by ESA. Six hours Into the mission the Ulysses solar polar orblter 
was successfully deployed. Ulysses’ launch window was Just 18 days long, one day having been lost 
through Shuttle delays. Had Ulysses missed the window the next launch opportunity would hot have 
occurred for at least 13 months. Such a delay would probably have spelt the end of the project as the 
probe’s plutonium power source would have no longer been capable of generating sufficient electricity. 

Astronauts Richards and 3hepherd briefed Spaceflight on the mission. 


The path to launch STS-41 was not 
an entirely smooth one. Discovery was 
returned to the Kennedy Space Cen¬ 
ter’s Orbiter Processing Facility 
(OPF) on May 8 following the STS-31 
mission to deploy the Hubble Space 
Telescope. While undergoing prepa¬ 
rations for the Ulysses mission, the 
right hand payload bay door was inad- 


By Roelof Schuiling 

At the Kennedy Space Center 

and Steven Young 

vertently flexed by a crane. Concern 
over possible structural damage led to 
extensive inspections of the area. The 
investigation required the removal of 


the right aft radiator to gain access to 
the payload bay’s interior. During this 
period a worker fell onto one of the 
door’s intercostal ribs, which then 
required repair. No structural damage 
was found. 

Configuring the payload bay contin¬ 
ued in the OPF. The Shuttle Back 
Scatter Ultraviolet (SSBUV) instru¬ 
ment was installed in the payload bay 
on July 22. 

Freon Lei k Detected 

Shortly oefore being transported to 
the Vehicle Assembly Building (VAB) 
for mating with the External Tank and 
Solid Rocket Boosters (SRBs), the 
No.6 window, on the orbiter’s right 
hand side was found to have an impair¬ 
ment and required replacement. Of 
more concern, however, was a dis¬ 
crepancy between the amount of freon 
indicated in cooling loop No.1 during 
the OPF tests and the amount de¬ 
tected when Discovery was powered- 
up in the VAB for testing. The data 
indicated that a ten per cent loss had 
occurred in the interval between the 
two test operations. The Shuttle was 
scheduled for rollout to Launch Com¬ 
plex 39B on September 5. Checks of 
the freon system had to be delayed 
until Discovery reached the launch 
pad. 

Once at the pad, the freon loop was 
pressurized and checks were made. 
These indicated that, while a leak was 
present, it was not of sufficient extent 
to jeopardize the mission. The leakage 
rate was only about one per cent per 
day and for a four-day mission the 
leakage would not present any dan¬ 
ger. 

Ulysses Readied 

The Ulysses spacecraft, mean¬ 
while, had been undergoing checks at 
KSC. Following its arrival from the 
Netherlands, Ulysses was removed 
from its container on May 22 in order 
to begin a series of functional tests at 
Hanger AO. 

The spacecraft's upper stage 
booster consisted of a two stage Iner¬ 
tial Upper Stage (IUS) augmented by 
a special Payload Assist Module 


Commander Richard Richards (right) and Pilot Robert Cabana lead the way as the STS-41 tight crew 
departs the Operations and Checkout Building for launch pad 39B. Behind Cabana are, tom front to 
rear. Mission Specialists Bruce Melnick. William Shepherd and Thomas Akows NASA 


3ST 



SPACEFLIGHT, Vol. 32, December 1990 







STS-41 MISSION REPORT 


SA a Much Needed Boost 


(PAM-S). The IUS has been used by 
NASA and the Air Force to launch a 
number of spacecraft, including the 
Tracking and Data Relay Satellites 
(TDRS), electronic intelligence satel¬ 
lites and the Magellan and Galileo 
probes. The PAM has often been used 
with the Space Shuttle and Delta 
launch vehicles to place satellites into 
Geostationary Transfer Orbit. The 
PAM-S (‘S' for Shuttle) was added to 
the basic IUS vehicle to provide the im¬ 
mense energy required to send Ulys¬ 
ses on a direct path to Jupiter. 

The iUS arrived at KSC’s Vertical 
Processing Facility (VPF) on June 25. 
The PAM-S arrived at the VPF on July 
13 and was mated with to the IUS. The 
370 kilogramme Ulysses probe was 
transported to the VPF on July 20, 
where it was mated to the booster and 
checks made to verify their interfaces 
and also to verify communications 
links with control centres. On August 
28, the assembled spacecraft, now 
weighing 44,024 pounds, was trans¬ 
ported to Launch Complex 39B. 

Ulysses and its boosters were in¬ 
stalled in Discovery’s payload bay on 
September 8 and launch pad prepara¬ 
tions followed the standard Shuttle 
pad flow. Connections between the 
various components of the Shuttle, 
payload, launch pad and control 
centres were verified. A simulated 
countdown was held with the flight 
crew aboard on September 10 and 11. 
Operations on the pad went well as 
both the payload and the orbiter com¬ 
pleted their preparations with no ma¬ 
jor problems. 

The countdown for STS-41 began at 
03:30 on October 3, with the clock 
showing T-43 hours. Planned built-in 
holds would bring the clock to T-0 at 
07:35 on October 6. 

Later on October 3, the astronauts 
arrived from Houston. The five man 
crew consisted of Commander 
Richard Richards, Pilot Robert Ca¬ 
bana and Mission Specialists William 
Shepherd, Bruce Melnick and Thomas 
Akers. Richards had previously flown 
as pilot on STS-28 and Shepherd as 
mission specialist on STS-27, both 
Department of Defense missions. The 
other three astronauts were making 
their first space flights. 

Launch Day 

The five astronauts left their quar¬ 
ters at the Operations and Checkout 
Building for the launch pad at about 
04:45 on launch day. About 40 minutes 
later they took their seats for blast-off. 
Richards occupied the flight deck front 
left seat, and Cabana the front right 
seat. Shepherd was serving as ‘flight 



The Space Shuttle DKovery hutias into space as its sister ship, Columbia, looks on Irom launch pad 
39A. After the sucoesftd laindi Columbia was moved to pad B for a tanking test to pinpoint the liquid 
hydrogen leak in its Mari Propulsion System. NASA 


engineer 1 sitting in the aft centre seat. 
Melnick sat in the aft right seat. Akers 
was positioned below on the middeck. 
For landing, Melnick and Akers ex¬ 
changed seats. 

The countdown continued as 
planned until two problems were en¬ 
countered during the ten minute final 
built-in hold at the T-9 minute point. An 
indication that the on board consum¬ 
able water supply was just below the 
planned level caused a three minute 
extension of the hold until analysis 
indicated that the fuel cells would 
provide sufficient water to meet the 
planned level. Concern over a rain 
shower 14 miles north of the launch 


complex caused an additional seven 
minute extension as Chief Astronaut 
Dan Brandensteln, flying the Shuttle 
Training Aircraft, was sent to investi¬ 
gate the rain shower. The count was 
resumed at 07:36. 

A momentary hold at T-5 minutes for 
clearing the water spray boiler for 
flight added eleven seconds and the 
last few minutes of the count contin¬ 
ued. 

With only a few minutes to go, engi¬ 
neers noted that the purge flowing into 
the orbiter's payload bay was not 
within specification. The purge flows 
from the ground units through the 
orbiter and into the bay to protect the 
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payload. The flow rate and tempera¬ 
ture are autQmatlcally controlled. The 
count held at T-31 seconds, just prior 
to the 'go for auto sequence start', for 
an additional two minutes as control 
was switched from automatic to man¬ 
ual and the purge was brought back to 
planned conditions: 

The remainder of the count pro¬ 
ceeded without incident.- The three 
main engines were ignited, followed 
6.6 seconds later by the two SRBs. At 
07:47:06 EDT, the Shuttle, weighing 
over 4.5 million pounds, lifted off and 
soared skywards. At T+27 seconds 
the main engines were throttled down 
from 104 to .67 percent until Discovery 
cleared the area of maximum aerody¬ 
namic pressure. The SRBs were sepa-' 
rated two minutes and four seconds 
after blast off and descended on para¬ 
chutes to splashdown in the Atlantic. 

The three main engines were shut¬ 
off eight and a half minutes into the 


OVERLEAF: 

LEFT: Discovery blasts off from launch complex 
396 on October 6. 

TOP RIGHT: Discovery's main gear is about to 
touch down at Edwards Air Force Base to end its 
four day mission. The orbiter landed at 06:57 PDT 
on October 10. 

BOTTOM RIGHT: The five STS-41 crew mem¬ 
bers signal the mission's success with a thumbs- 
up’. Mission Commander Richard Richards 
(centre) is flanked by (left to right) Thomas Akers, 
Robert Cabana. Bruce Melnick and William 
Shepherd. NASA 
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flight. Eighteen seconds later the 47- 
metre long External Tank was sepa¬ 
rated. As it plunged towards the at¬ 
mosphere, the astronauts photo¬ 
graphed the tank to record any thermal 
damage. Their photographs showed 
scorching from the SRB separation 
motors and blackened areas around 
the base of the tank. 

Day One: October 6, 1990 

At T+39 minutes 52 seconds Dis¬ 
covery's two Orbital Maneuvering 
System (OMS) engines were fired for 
about two minutes to circularise the 
Shuttle's orbit at 160.6 by 159.9 nauti¬ 
cal miles. 

Soon after reaching orbit the astro¬ 
nauts discovered one of their four pri¬ 
mary General Purpose Computers 
(GPCs) had been set up incorrectly. 

“My pilot and I were both looking at it 
simultaneously, Commander 

Richards told Spaceflight “We both 
looked at each other and said what’s 
this?" 

On reaching orbit the astronauts 
have to load the GPCs with their on- 
orbit software. As part of the process 
one GPC is shutdown and two others 
are loaded with identical sets of soft¬ 
ware that are used for manoeuvres 
and the fourth one if reconfigured for 
‘housekeeping’ functions and is 
known as the Systems Management 
(SM) computer. 

“So that the computer knows where 


to go in our mass-memory tapes to 
load the right set of software there is a 
certain display that we have to config¬ 
ure,” Richards explained. “For in¬ 
stance in this case it said computer 
number four you are supposed to go 
off and load SM software. When we 
called up the display it was not in the 
configuration that we were expecting 
from our pre-flight training. Essen¬ 
tially it did tell computer number jour 
to go off and do that but there were 
some extraneous instructions also 
loaded on there for computer number 
two to also go and do something which 
did not make any sense.” 

Richards and Cabana quickly cor¬ 
rected the problem. 

'With a series of keyboard inputs we 
manually reconfigured it,” Richards 
said. “I thought it was somewhat curi¬ 
ous so I called the ground and let them 
know what I had done. We didn’t think 
any more about it for the rest of the 
flight. All the other reconfigurations 
that we had to do were nominal, it was 
not until I got back that I found out they 
had launched an investigation.” 

The inquiry tracked the source of the 
problem to an incident two days before 
launch at the Kennedy Space Center. 
ESA wanted to send some commands 
to Ulysses and to do that the GPC had 
to be reconflg'ured. 

“Essentially what they had to do was 
take one computer and turn it into this 
SM computer for a short period of time 
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to do some commanding to the pay- 
load” said Richards. 

Apparently, the technician perform¬ 
ing the task thought his keyboard 
commands were going to one CRT 
display when in fact his instructions 
were being sent to another. 

“He issued about eight to nine in¬ 
structions, all of which were rejected 
except for this one and this one instruc¬ 
tion turned out to load this oddball 
configuration into the SM configura¬ 
tion display,” explained Richards. “It 
did not execute any instructions it was 
just sitting there and it was never found 
until we got on orbit. I have since been 
told that if for some reason we had 
some how not seen It, which I cannot 
imagine, and we had gone off and at¬ 
tempted to execute this load, the soft¬ 
ware would have rejected it.” 

With this minor problem out of the 
way the payload bay doors were 
opened and preparations began for 
the deployment of Ulysses. 

Before the deployment it was vital 
that the IUS computer knew its exact 
position in space so it will arrive at Ju¬ 
piter at the precise location for a grav¬ 
ity assist. Dick Richards explains: 

“We are trying to hit a 100 mile wide 
circle that is 500 million miles away. I 
have made the analogy that we were 
trying to attempt a 360 nautical mile 
hole-in-one,” he said. “So the pointing 
was extremely important. 

"The IUS has its own Inertial Meas¬ 
urement Unit (IMU) and it knows where 
it is within a fine degree of accuracy. 
However, on this particular flight we 
did a series of manoeuvres with the 
orbiter where we went to three differ¬ 
ent attitudes 90 degrees from each 
other. We did that and compared 
where the orbiter’s inertial reference 
was to what the computer In the upper 
stage thought it was.” 

A 30 minute calculation by the IUS 
ground controllers at Sunnyvale, Cali¬ 
fornia repealed there was a difference 
between the orbiter and IUS position 
data. For a mission to geostationary ' 
orbit the IUS position would been 
acceptable but because of Ulysses’ 
special requirements the orbiter data 
was transmitted to the upper stage to 
further refine its accuracy. 

About five hours 20 minutes into the 
flight the astronauts released the IUS 
from its forward restraints and tilted it 
to 29 degrees. At this angle Ulysses 
was just outside of the payload bay 
allowing direct communication with 
the ground during systems checkout. 
The checkout complete, Discovery 
was manoeuvred to the deployment 
position and the IUS was transferred 
to internal power. 

With final checkouts complete 
Capcom Kathy Thornton gave the 
crew a go for Ulysses deployment. The 
umbilical between the IUS and the 
orbiter was separated and the tilt table 



A television image from Discovery shows Ulysses and its upper stages after deployment with the 
mystery object floating along side. NASA 


was raised to the 58-degree deploy¬ 
ment position. 

At T+6 hours 1 minute and 8 seconds 
Tom Akers flipped a switch on the aft 
flight deck triggering a pyrotechnic 
device that separated the IUS from its 
support structure, leaving small 
springs to push Ulysses and its upper 
stages out of the payload bay. Accord¬ 
ing to Shepherd the crew felt a slight 
nudge at separation which was hardly 
perceptible. 

“It was a very*smooth release,” he 
said. 

As the Ulysses/PAM-S/IUS combi¬ 
nation moved away from Discovery at 
about 0.t4 metres per second a small 
curved object drifted along with it. 

“I was positioned at the overhead 
window watching the whole stack 
separate from the orbiter and quite 
frankly I never saw it,” recalled 
Richards. “It wasn’t until later that we 
played back a series of television vid¬ 
eos to ourselves onboard that we saw 
this object, glistening, that seemed to 
be following Ulysses. We’d never seen 
it before. It turned out to be two feet in 
length and sflghtiy curved.” 

The immediate concern was that the 
object had broken away from Ulysses 
or its upper stages during the deploy¬ 
ment. However, a more likely explana¬ 
tion was that it was merely a piece of 
ice. 

“There is a lot of ice still being shed 
from the orbiter particularly back at the 
aft end where the engine compartment 
is,” Richards explained. “We purged 
the liquid oxygen and liquid hydrogen 
lines with helium to try and get all that 
stuff overboard but there is still a little 
residual amount in there that contin¬ 
ues to seep out. We knew when we 
shipped that video down to the ground 
that It would cause some concern so 
we went back and took a look at more 


of our video and sure enough we found 
it [the object] floating by the rudder 
before deploy.” 

A debris analysis team is currently 
studying the mystery object. “They are 
trying to pin down, based on the cam¬ 
era angles, where this object came 
from and, if it was ice, what was gener¬ 
ating it,” Shepherd told Spaceflight 

Ulysses Gets Underway 

About ten minutes after deployment 
the IUS began a series of rolls to main¬ 
tain Ulysses temperature at a stable 
level. Five minutes later Discovery’s 
OMS engines were fired to increase 
the separation between the space¬ 
craft. 

Approximately 45 minutes after 
deployment the IUS first stage is 
armed. By this time the Shuttle had 
been manoeuvred with the belly of the 
orbiter facing the IUS to protect its win¬ 
dows from the rockefs exhaust. IUS 
first stage ignition occurred about an 
hour after deployment. After 150 sec¬ 
onds the first stage had completed its 
work and was separated from the IUS. 
125 seconds later the second-stage 
was ignited, burning for about 108 
seconds. 

Before separating from Ulysses and 
the PAM-S, the IUS finished its work 
by ensuring the spacecraft was accu¬ 
rately pointed for the final bum. Fol¬ 
lowing IUS separation, a gas genera¬ 
tor spun the motor and Ulysses to 
approximately 70 rpm to increase the 
vehicle’s stability. The PAM-S fired for 
about 88 seconds providing the final 
burst of energy to place Ulysses on 
course for Jupiter. 

Prior to Ulysses separation from the 
PAM-S, two weights attached to 12- 
metre lengths of flat kevlar cable were 
thrown out to dissipate energy, reduc¬ 
ing the spacecraft’s spin rate from 70 
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Discovery Prepares for 
Intelsat 6 Rescue 

In March of this year Intelsat 6 F3 was stranded In low earth orbit due to a 
malfunction on Its Titan 3 launch vehicle. Intelsat and NASA are now plan¬ 
ning a Shuttle mission to boost the satellite Into Its Intended geostationary 
orbit However, before the rescue mission goes ahead Intelsat wants to be 
sure that atomic oxygen has not ruined the satellite’s solar arrays. As a 
result, STS-41 carried an experiment, called ISAC (Intelsat Solar Array Cou¬ 
pon), to determine the effects of atomic oxygen on the solar arrays. 


After Intelsat 6 was stranded ground 
controllers quickly realised the danger 
from the corrosive atomic oxygen that 
exists in low Earth orbit. Using on¬ 
board thrusters the satellite’s altitude 
was raised from 200 km to 560 km. 
According to ISAC principal scientist 
Andrew Dunnet, this manoeuvre re¬ 
duced the exposure to atomic oxygen 
by almost two orders of magnitude. 
Intelsat has also taken other precau¬ 
tions. 

“We have had the spacecraft laid 
over, almost into the plane of the orbit 
so that only twice every orbit are the 
solar arrays broadside on to the 
atomic oxygen.” The satellite is also 
spinning. "This has reduced the effect 
of atomic oxygen on any particular 
interconnect,” said Dunnet. 

Intelsat and the satellite’s manufac¬ 
turers, Hughes Aircraft, reviewed all 
the materials on the spacecraft’s sur¬ 
face to identify any items that were 
particularly sensitive to atomic oxy¬ 
gen. 

“After careful evaluation only the sil¬ 
ver interconnects were identified as 
threatening to the spacecraft health 
when exposed to atomic oxygen,” said 
Dunnet. 

The silver electrically interconnects 
the solar cells that provide power to the 
spacecraft during operation in orbit. 
The interconnect goes from the baok 
of one cell to the front of the next cell. 
It is the loop at the top between the two 
cells that is exposed to the atomic oxy¬ 
gen. The cells are connected in series 
so if one interconnect were to fall, an 
entire section of the array would be 
rendered useless. 

When atomic oxygen collides with a 
spacecraft at high velocities it is driven 
into the surface often causing the mate¬ 
rial to oxidise. 

“In the case of silver the lattice spac¬ 
ing of the oxide is approximately 60 per 
cent larger than the parent silver,” ex¬ 
plained Dunnet. This results in a ten¬ 
dency for the oxide to flake away as it is 
formed. “The thermal cycling as a result 
of the spacecraft entering and leaving 
Earth’s shadow will enhance this ten¬ 
dency.” 

The purpose of the ISAC experiment 
was to determine how much silver inter- 

T ~ "" . . . 


connect will remain at the time of the 
potential rescue mission in 1992. 

Ground testing at Los Alamos National 
Laboratories and the Princetown Plasma 
Physics Laboratory has shown that the 
solar arrays should be in good condition. 
However, Intelsat wanted added assur¬ 
ance. 

“The unknowns as we saw them were 
the shielding effect of the oxide before it 
flaked away, the rate of flaking and the 
effects of temperature on the oxidation 
rate,” said DunneL 

Once the results from ISAC are stud¬ 
ied scientists will “have a complete body 
of knowledge about the satellite’s most 
critical parts,” said Steve Koontz of the 
Johnson Space Center’s Non-Metallic 
Materials Section, one of NASA’s princi¬ 
pal investigators. 

ISAC was mounted on witness plates 
attached to the Shuttle's Remote Manipu¬ 
lator System (RMS), dose to the arm's 
wrist joint. On Day Two of the mission the 
arm was positioned into the flow of atomic 
oxygen and remained there until the night 
before landing. The witness plates had 
flown on three previous Shuttle missions 
carrying various samples. 

The ISAC experiment consisted of 
several samples. There were two identi¬ 
cal solar array coupons each comprising 
of 30 solar cells connected in series to a 
dummy electrical load. There were also 
three thermal plates each with four silver 
interconnects operating at zero, 100 a rib 
150 degrees C to evaluate the erosion 
rates at different temperatures. 

ISAC also induded a germanium earth 
sensor lens to measure any corrosion of 
its zinc sulphide optical coating and some 
high density polyethylene and kapton as 
atomic oxygen monitors. 

Space Station Samples Carried 

In addition to the Intelsat samples, the 
witness plates also carried 48 NASA 
material samples that will benefit design¬ 
ers of the space station and for the Hubble 
Space Telescope repair. Among the 48 
samples were lubricants planned for 
space station, airlock hatch O-ring mate¬ 
rials for Freedom, optical coatings and 
wiring materials used on HST and dia¬ 
mond thin films. 

The exposure of these materials will 
allow designers to better evaluate the 
maintenance needs associated with their 
use in space, Koontz said. 


to 7 rpm. About ten minutes after the 
PAM-S burnout, Ulysses separated 
from the stage and continued its jour¬ 
ney alone. 

Day Two: October 7, 1990 

During the second flight day the 
SSBUV experiment began taking 
data. The experiment was housed in 
two Get Away Special (GAS) canisters 
mounted on a special adapter beam on 
the starboard side of Discovery’s 
payload bay. The experiment will help 
scientists recalibrate ozone monitor¬ 
ing instruments on the National Oce¬ 
anic and Atmospheric Administra¬ 
tion’s TIROS satellites (NOAA-9 and 
11). SSBUV was first flown on board 
Atlantis in October last year. (For more 
details see Spaceflight, October 
1990, p.345.) 

Also on Day Two, Bill Shepherd and 
Tom Akers placed the Remote Ma¬ 
nipulator System (RMS) into position 
for the ISAC experiment (see separate 
item). Shepherd briefed Spaceflight 
on the RMS operations: 

“We did about a 50 minute checkout 
with the RMS, which is standard pro¬ 
cedure and then through a series of 
single joint manoeuvres swivelled the 
arm basically starboard and forward 
and then rocked the shoulder to a fairly 
high elevation that put the elbow joint 
straight over into the ‘breeze’. It 
stayed in the velocity vector for about 
a day and a half.” 

Once the arm was in position it was 
shutdown with the joint brakes locking 
it in position. After completion of the 
ISAC experiment it was returned to the 
stowed position and. powered down. 

The arm was not used again during • 
STS-41. 

Day Three: October 8, 1990 

The third day of STS-41 saw con¬ 
tinuation of the CHROMEX and ^ 
SSBUV operations. !{ 

The crew conducted the Solid Sur¬ 
face" Combustion Experiment (SSCE) 
to study the behaviour of fire in micro¬ 
gravity. The experiment was con¬ 
ducted inside a pressurised chamber 
with two cameras set up to record the 
results on film. A special ashless filter 
paper was burnt during the experi¬ 
ment. Bill Shepherd described what he 


TOP: The STS-41 crow pose tor the tradtknal 
in-flight photograph. (Left to right) Thomas Ak¬ 
ers, Richard Richards, Bruce Melnlck, Robert 
Cabana and WHBam Shachond. 

TOP LEFT: Ulysses and Its PAM-S/IUS upper 
stage pictured shortly after deployment from 
Discovery. 

BOTTOM LEFT: The astrunaufe took this photo¬ 
graph of the External Tank shortly after It was 
jettisoned. 

RIGHT: Discovery's Remote Manipulator Sys¬ 
tem (RMS) arm is posWcned over the edge of the 
payload bay for the Intelsat Solar Anay Coupon 
(ISAC) experiment. The ISAC samples can be 
seen attached to the arm's upper surface. 

NASA 
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saw: 

“There were two small flame fronts 
on each side of this very small piece of 
paper that arched rather slowly down 
the length of the strip," he said. “The 
initial response from the investigating 
team was that the flame propagation 
looked pretty much as they expected.” 

The SSCE test plan calls for eight 
Shuttle flights over the next three 
years. 

In addition to Discovery’s five astro¬ 
nauts, the orblter carried 16 rats for the 
Physiological Systems Experiment 
(PSE). The rats were housed In a self 
contained animal enclosure providing 
temperature control, water and food. 
The enclosure previously flew on STS- 
29 in March 1989 and created some 
problems for the crew as it did not 
contain odours very well. Since that 
mission improvements have been 
made to the enclosure. 

“Our flight was very well done,’ 
Shepherd said. “If you floated right up 
to the very front of the rat cage you 
could perceive perhaps some back¬ 
ground odour that was slightly differ¬ 
ent than most of the cockpit but it was 
by no means a problem." 

Meanwhile, both Mission Control 


STS-41 plot, Robert Cabana, uses a hanfteld camera to take some of the 2,000 Earth observation 
photographs during the mission. NASA 


and the crew were closely monitoring 
the leaky freon coolant loop that had 
caused concern prior to the flight. 

“We kept watching it of course be¬ 
cause we were concerned, particu¬ 
larly during launch,” Richards told 
Spaceflight “It was one of the first 
things I looked at when we got on or¬ 
bit. Over the period of four days I could 
not detect any fluctuation.” 

Day Four: October 9, 1990 

Preparations for the return to Earth 
began. The astronauts performed a 
test of the Flight Control System and 
hot-fired the RCS thrusters to verify 
readiness for reentry. 

On the final two days of the mission 
the crew were able to conduct more 
Earth observation photography. 

"We shot around 2,000 frames with 
various cameras on board specifically 
for Earth observation,” Shepherd 
said. “About 1,500 of those were 70 
mm stills. We have got some interest¬ 
ing images of the Nambian Desert in 
Africa. We have a fairly interesting 
cloud formation in the South Pacific 
that appears like a Jet stream but other 
Imagery we have from weather satel¬ 
lites, based on cloud temperatures, 
show it is not a Jet stream it is a lower 
cloud mass. It is a fairly unique phe¬ 
nomenon that seems to be generating 
a lot of interest right now." 

Richards said he noticed many more 
fires oh the ground than during his 
previous mission. 

“There was a lot of burning going on 
In Africa and South America and that 
was something that struck me,” he told 
Spaceflight. “Fires are very visible 
from space, particularly large scale 
fires covering acres. You can see the 


smoke very easily and follow It to the 
source. I saw a lot of that this time 
around.” 

Day Five & Landing: 

October 10, 1990 

Concrete Runway 22 was selected 
because Shuttle managers wanted to 
conduct further tests of the nose wheel 
steering system and the new carbon 
brakes first used on STS-31 in April. 
Richards described his experience 
with the new brakes: 

“I had been led to believe that they 
might be a bit sensitive. We had a rol¬ 
lout test where I was supposed to put 
moderate energy into the brakes and 
my assessment was that if anything it 
undershot rather than overshot en¬ 
ergy. I had to really lean on the thing to 
get the amount of energy I wanted to. 


ORBITER: Discovery OV-103 
LAUNCHED: 12:47:06 BST, 

October 6, 1990 

LAUNCH SITE: MLP-2, Pad 39-B, Ken¬ 
nedy Space Center, USA 
LANDED: 14:57 BST, October 10, 1990 
LANDING SITE: Runway 22, Edwards Air 
Force Base, USA 
APOGEE: 160.6 nm 
PERIGEE: 159.9 nm 
INCLINATION: 28.5 degrees 
DURATION: 4 days 2 hrs 10 min 4 sec 
ORBITS: 65 

COMMANDER: Richard N. Richards 
PILOT: Robert D. Cabana 
MISSION SPECIALIST 1: 

Bruce' E. Metnick (EV 1) 

MISSION SPECIALIST 2: 

William Shepherd (IV-1) 

MISSION SPECIALIST 3: 

Thomas D. Akers (EV 2) 

PRIMARY PAYLOAD: 

Ulysses/IUS-17/PAM-S 
SECONDARY PAYLOADS 
& EXPERIMENTS: 

Air Force Maui Optical Site Calibration 
Tests (AMOS) 

Chromosome and Plant Cell Drvfeion in 
Space (CHROMEX-2) 

INTELSAT Solar Array Cot*x>n (ISAC) 
Investigations into Polymer Membrane 
Processing (IPMP) 

Physiological Systems Experiment 
(PSE) 

Radiation Monitor Experiment (RME-III) 
Solid-Surface Combustion Experiment 
(SSCE) 

Shuttle Solar Backscatter Ultraviolet 
(SSBUV) Instrument 
Voice Command System (VCS) 


Discovery is pictured Dy the Vandenberg Air 
Force Base long-range tracking camera as 
It glides towards landing. NASA 
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- Voice Control for Shuttle Cameras 

‘Its like HAL In the movie 2001,” says 
Bruce Melnlck, describing the Voice 
Command System (VCS). The sys¬ 
tem, tested for the first time In orbit 
on STS-41, enables astronauts to 
operate the Shuttle’s TV cameras by 
voice commands. Eventually the 
system could become standard on 
future Shuttle missions and the 
Space Station. 

During STS-41 Mission Specialists 
Bruce Melnick and Bill Shepherd used 
the VCS to command the cameras in 
the payload, flight deck and middeck 
using simple commands such as up, 
down, zoom in, zoom out, stop, left and 
right. 

The VCS unit is installed in Discov¬ 
ery’s aft flight deck, in an instrument 
panel directly below the standard 
closed circuit television displays and 
controls. 

The system was extensively tested 
on the ground and proved very suc¬ 
cessful. However, it was feared that in 
the absence of gravity the vocal cords 
would be affected and the VCS would 
be unable to recognise the astronaut’s _7 ... _ 

instructions. The project manager and (left) and Bil Shephert use the Voice Comma, 

engineers anticipated this problem 

and designed the system with two Bruce had nearly 100 per cent success ally operate the ci 

modes. In the first mode the VCS uses rate in all of his three tries of the system. into the next positi 

voice templates created prior to the ° n da y ,our . the last day that I tried it. my move the arm to.” 

mission on the ground. During the stored recognition templates worked Shepherd see: 

mission, if the computer fails to recog- reasonably well." vanced uses for tl 

nise the astronauts’ command, they However, when Shepherd ‘retrained’ Tor instance, v 

can redo their templates in a matter of the system on orbit it recognised all of his the cameras in tl 

minutes. commands. specific things like 

When the astronauts were ready to “The bottom line is there are some bay doors opening 

use the system they simply turned it on, unusual things that "happen to your voice that manually righ 

the only manual step, and stated their on orbit, which systems like this will have you command four 

names. The computer responded via a t° contend with” Shepherd said. “Hope- positions as you i 

screen next to the TV monitors in the fully we will be able to fly it again on a doors so you ci 

aft flight deck, with a written “Hello, longer flight where we can lock more at mechanisms. It co 

Mel” or “Hello, Shep.” This lets the these physiological problems.” one spoken comr 

astronaut know that the computer rec- If all goes well, the VCS could be put to Chres Gerhards 

ognises their voice and prompts them use permanently, giving the astronauts engineers is pleas 

to their next move. an extra pair of hands, which could save tronauts' suggestic 

Melnick and Shepherd tested the both time and effort “They’d like to 

system on Days Two, three and four of Probably the most beneficial use of the scenarios when 1 

the mission with mixed results as Bill vcs is helping the astronaut during different payloads 

Shepherd told Spaceflight: manoeuvres with the Remote Manipula- might be for in the 

“Unfortunately, my success rate f° r System (RMS). just say follow Ul 

with the VCS was fairly low. Approxi- “One of the areas where Shep and I just follow the lai 

mately fifty per cent of the words I had have really seen using the Voice Com- Voice comma 

loaded into the VCS preflight were not mand System to be useful is in operating more useful in mi 

recognised when I spoke them on orbit the arm," Melnick said. “It takes two controlling the or 

We have done some testing back here hands to actuary control the arm and in “You can start 

on the ground post-flight and have de- most cases you want to have an outside maybe we could 

termined the voice recogniser does not view of the arm when you’re running it arm. maybe we cc 

have automatic gain control. Probably That means if you’re going to operate the elevating payloai 

the issue there was I was just not arm and monitor it with the cameras, you "Who knows what 

speaking the words loud enough. But have to stop moving the arm and manu- in the future? The 


use the Voice Command System on Discov- 

NASA 

ally operate the cameras to put them 
into the next position you are going to 
move the arm to.” 

Shepherd sees other more ad¬ 
vanced uses for the VCS. 

Tor instance, we need to position 
the cameras in the payload bay for 
specific things like to view the payload 
bay doors opening and closing. To do 
that manually right now, requires that 
you command four cameras to various 
positions as you open and close the 
doors so you can view the latch 
mechanisms. It could all be done with 
one spoken command.” 

Chres Gerhards, one of the project 
engineers is pleased to have the as¬ 
tronauts' suggestions for the system. 

“They’d like to have some pre-set 
scenarios when they are launching 
different payloads,” she said. “That 
might be for in the future, but you could 
just say follow Ulysses’ and it would 
just follow the launch.” 

Voice command technology is 
more useful in more areas than just 
controlling the orbiter’s cameras. 

“You can start thinking, well gee, 
maybe we could voice command the 
arm, maybe we could voice command 
elevating payloads,” Melnick said. 
"Who knows what applications it has 
in the future? The sky’s the limit” 


I think a lot of that had to do with being 
in weightlessness for four days. When 
I did get the energy in the brakes they 
responded very nicely, no vibration, 
nothing like that, they felt very solid.’ 

The brake test brought the Shuttle 
programme closer to resuming land¬ 
ings at the Kennedy Space Center. 

“We have still got a third braking test 


to proceed with and of course we are 
also pursuing some improvements on 
the nose wheel steering system as well 
as adding a drag chute to the 
Shuttle,“said Richards. ‘There are 
some people here who feel we need 
the drag chute before we can return to 
Kennedy. But one thing that every¬ 
body agrees to Is that the carbon brake 


system Is a requirement for a return to 
Kennedy. We have got one more test 
to perform and then I suspect we will 
have a discussion here in the NASA en¬ 
vironment about whether or not we are 
ready to return to the Kennedy Space 
Center. That will be an interesting one 
I’m sure, but I don’t know how It will turn 
out." 
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